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It's  a  pleasure  to  have  this  chance  lo  share  with  you 
some  of  the  key  findings  from  the  educational 
technology  studies  conducted  by  the  Office  of 
Technology  Assessment  over  the  last  five  years.  In 
thinking  about  this  paper,  I  wanted  a  title  that  would  carry 
the  central  message  of  these  studies.  So  here  it  is:  Teach- 
ing matters.  It*s  also  a  dandy  pun,  resonating  with  the 
matters  of  concern  to  members  of  the  Society  for  Tech- 
nology and  Teacher  Education;  teaching,  technology,  and 
teaching  abouUcaching  with  technology. 

This  paper  is  an  overview  of  Congressional  mterest  m 
educational  technology,  and  covers  our  1988  study  of 
COTiputers  in  schools,  the  subsequent  1989  study  on 
dlstaiice  learning,  the  technology  implications  raised  in 
the  1991  lesting  study,  and  the  ramifications  for  adult 
literacy  in  our  most  recent  report.  I  will  also  discuss 
Congress's  reaction  and  my  own  thoughts  on  the  likely 
concerns  and  interests  of  the  103rd  Congress  in  this  area. 

First  some  background.  For  those  of  you  not  accus- 
tomed to  Washington's  alphabet  soup  of  government 
agencies,  the  Office  of  Technology  Assessment  (OTA)  is 
a  part  of  the  legislative  bnmch,  created  in  1972  to  serve  as 
an  analytical  support  agency  for  Congress.  The  agency's 
charge  is  to  help  Congress  anticipate  and  understand  how 
technology  affects  the  myriad  issues  Congress  must  deal 
with — from  space  exploration  to  ground  water  contamina- 
tion, from  combating  terrorism  to  enhancing  education. 
The  agency  benefits  from  the  expertise  and  guidance  of 
advisory  panels  of  outside  experts  selected  for  each  study; 
they  provide  oversight,  point  us  in  the  right  direction,  and 
review  and  react  to  what  we  write.  OTA  has  a  unique 
structure  that  fjives  the  agency  considerable  freedom  and 
apolitical  suf^rt  through  our  bipartisan  Congressional 
Advisory  Board  (with  equal  numbers  of  Senators  and 
Representatives,  Republicans  and  Democrats)  and  an 
external  Advisory  Council  of  distinguished  academicians 
and  business  leaders.  Jack  Gibbons,  OTA  Director  for  the 
last  13  years  until  his  appointment  as  Science  Adviser  to 
President  Clinton,  described  OTA's  role  as  an  "early 
warning  system"  on  technology's  potential  impacts  on 
society.  Dr.  Gibbons  liked  to  quote  the  old  Chinese 
proverb  "If  we  don't  change  direction,  we're  very  likely 
to  end  up  where  we're  headed."  What  about  education — 
are  we  likely  to  end  up  where  we're  headed?. 

Power  Onl:  What  Did  We  Leorn? 

In  June  of  1986  the  House  Education  and  Labor 
Committee  asked  OTA  to  conduct  a  study  of  current 
issues  in  educational  technology  for  elementary  and 
secondary  schools.  The  Committee  was  concerned  with 
the  availability  aiKl  use  of  existing  technologies,  (mainly 
computers  at  that  time),  questions  of  access  and  equity, 
effectiveness  and  costs,  research  and  development  for 
future  activities,  and  availability  of  appropriate  software 
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as  well  as  necessary  teacher  trainmg.  The  resulting  report, 
Power  On!  New  Tools  for  Teaching  and  Learning,  used 
the  met25)hor  of  "power"  to  suggest  the  excitement  and 
electricity,  if  you  will,  that  compiUers  can  bring  to 
teaching  and  learning.  It  also  suggests  the  empowerment 
computers  can  provide  for  both  students  and  teachers.  But 
if  technology  was  to  take  hold,  we  suggested,  this  tool 
would  have  to  be  embraced  by  classroom  teachers,  one  at 
a  time,  teachers  who  were  craifortable  with  its  use  and 
aware  of  ways  it  could  help  them  do  their  jobs  better. 

Computers,  we  noicd,  are  not  self  implementing.  Like 
any  tool,  they  do  the  work  to  which  they  are  applied,  but 
the  quality  of  the  result  depends  upon  the  skill  of  the 
craftsperson  who  uses  that  tool.  Clearly  the  kind  of 
woodworking  I  do  with  a  rotary  arm  saw  is  very  different 
than  the  products  my  husband  creates  with  that  same 
tool— the  difference  comes  from  his  skiU,  which  in  turn  is 
dependent  upon  his  comfort,  experience,  and  understand- 
ing of  the  toors  capabilities.  Until  I  reach  some  threshold 
of  comfort  with  that  tool,  Tm  unlikely  to  even  turn  it  on. 
It*s  no  different  with  computers. 

We  reported  other  findings  that  may  seem  common- 
place now,  especially  to  teacher  educators  with  consider- 
able computer  experiences.  But  these  findings  help  us 
understand  where  we  are  and  where  we* re  headed,  and 
serve  as  markers  in  the  road  maps  as  we  chart  where  we 
want  to  go.  Let  me,  then,  mention  these  briefly. 

Most  teach<irs  want  to  use  technology.  For  many,  it 
lights  a  fire  under  their  teaching,  ignitmg  sparks  which 
may  have  grown  dim  over  the  years.  Some  teachers 
acknowledge  that  the  computer  is  the  newest  tool  of  the 
teaching  trade.  To  stay  on  top  professionally,  they 
recognize  the  need  to  master  this  latest  teaching  tool. 
Many  see  the  importance  of  computers  in  preparing 
students  for  the  technology  they  will  face  outside  the 
doors  of  the  schoohoom.  Others  see  technology  as  a 
vehicle  to  channel  students*  enthusiasm  into  learning. 
Some,  however,  freely  admit  feeling  just  plain  pressured 
by  the  technology  movement  and  all  the  machines 
dumped  on  them  by  parents,  school  boards,  and  the 
community.  Nonetheless,  they  figure  it  wouldn*t  look 
good  if  they  didn*t  use  them.  These  folks  admit  to  being 
led  "kicking  and  screaming  into  the  technology  revolu- 
tion**. 

Despite  various  reasons  for  an  mterest  m  technology, 
we  found  that  most  teachers  aren't  using  technology, 
not  in  any  comprehensive,  compelling  ways.  In  a 
workshop  of  teachers  we  assembled  to  discuss  how  and 
why  they  used  or  didn*t  use  computers,  it  was  suggested 
that  at  best,  30%  of  all  K-12  teachers  are  comfortable 
with  computers  and  are  thus  the  technology  pioneers  or 
leaders  in  their  schools.  (These  pioneers  and  zealots  made 
up  the  group  that  actually  reads  these  papers  and  attends 
these  conferences.)  A  smaller  number,  perhaps  10%  of 


aU  teachers,  feU  into  the  "Who  needs  it?**  group,  those 
who  would  never  use  technology,  never  wish  to,  or  see  no 
need.  But  in  the  middle  was  a  fertile  field  of  perhaps  60% 
of  all  teachers,  those  who  were  interested  but  needed  help 
and  wanted  models  to  show  how  to  use  technology  to  do 
important  thmgs  with  teachmg.  It  v/as  suggested  that  this 
group  should  be  the  target  of  trainmg  effwts,  of  support 
and  hand  holding,  the  ones  to  whom  we  should  be 
supplying  visions  of  change. 

Today,  perhaps  those  numbers  have  changed  shghdy, 
with  a  greater  percentage  of  teachers  now  technology 
enthusiasts  with  some  level  of  expertise,  (as  reflected  in 
the  increased  participation  every  year  at  the  NECC 
conference  and  other  technology  user  groups  and  confer- 
ences) and  a  still  small  but  not  diminishing  group  who 
remain  "Luddites  and  proud  of  it**.  The  largest  group 
continues  to  be  made  up  of  that  middle  block  of  those 
wanting  more  help.  When  the  Power  On!  study  was  done, 
we  reported  that  only  half  of  all  teachers  said  they  used 
computers  in  instruction. 

We  found  that  technology  use  (and  at  that  time 
technology  was  centered  on  computers,  predominantly) 
was  limited  to  relatively  narrow  applications.  We 
found  scant  evidence  of  teachers  using  computers  for 
teaching  problem  solving,  for  collaborating  on  projects,  or 
creatmg  their  own  materials.  But  remember,  that  was 
1988,  before  the  advent  of  multimedia,  affordable  CD- 
ROM,  or  resources  like  Quicktime.  But  even  then,  we  saw 
a  trend:  moving  from  teaching  about  to  teaching  with 
computers,  as  teachers  experience  grew.  But  it  wasn*t 
happening  overnight. 

We  saw  that  teachers  use  technology  m  ways  that 
work  best  in  their  own  teachmg  styles  and  methods, 
but  that  the^se  approaches  evolve  as  teachers  gain  more 
experience.  Overall,  the  process  by  which  teachers 
appropriate  technology  is  far  more  complex  than  that  by 
which  they  adopt  other  changes.  Teachers  need  to  be  m 
charge  in  their  classrooms  but  technology  can  sometunes 
undermine  their  authority:  when  the  machine  breaks 
dov/n,  when  the  software  doesn*t  support  their  lessons, 
when  the  students  know  more  about  the  machine  than  the 
teacher.  These  are  not  insignificant  concerns  for  teachers. 

Perhaps  the  most  significant  finding  was  the  impact 
of  the  use  of  computers  in  the  classroom  in  changing 
teaching  style.  Moving  from  the  "chalk  and  talk** 
traditional  delivery  mode  to  the  teacher  as  coach  model 
was  a  clear  trend.  The  message  in  Power  On!v^as  ahead  of 
the  conventional  wisdom  on  this  topic,  and  provided  an 
early  warning  for  educators  and  policy  makers.  Studies 
since  then  have  provided  continuing  validation  of  the 
change  in  teaching  that  comes  with  computer  use.  A 
recent  study,  highlighting  major  trends  and  observations 
of  leaching  where  computers  are  used  regularly  by 
teachers,  underscored  the  shift  from  lecture  and  recitation 


A  f echnology  and  Teacher  Education  Annual  —  1 993 


to  coaching  with  the  following  analogy:  'The  introduction 
of  a  third  party,  the  computer,  into  the  situation  encour- 
ages the  teacher  to  play  the  role  of  a  coach  in  many  of  the 
same  ways  that  a  piano  encourages  the  teacher  to  play  the 
role  of  coach  in  a  piano  lesson"  (Collins,  1990).  When 
much  of  this  learning  goes  on  with  the  student  working  on 
his  or  her  own,  the  teacher  is  a  skilled  observer  whose  job 
it  is  to  encourage,  guide,  and  make  sure  the  student  is  on 
target,  puts  what  is  being  learned  in  a  meaningful 
context,  and  that  the  overall  activity  is  beneficial  to  the 
student's  learning.  As  the  Center  for  Technology  in 
Education  found  in  their  study  of  accomplished  teachers 
(Sheingold  and  Hadley,  1990),  those  who  use  computers 
extensively  in  their  teaching  use  a  range  of  technologies 
in  a  multitude  of  ways.  Using  the  computer  has  changed 
their  teaching  significantly  as  they  move  to  more  student- 
centered  classrooms,  give  students  more  individualized 
opportunities,  and  present  more  complex  material  and 
expect  more  of  their  students. 

But  how  does  a  teacher  go  from  being  a  traditional 
teacher  to  an  "accomplished  computer-using  teacher"? 
It's  a  little  like  how  porcupines  make  love — ^very  slowly 
and  carefully!  In  Power  On!  we  made  clear  that  it  takes 
time,  resources,  and  support.  This  point,  surprising  to 
some  at  the  time,  continues  -o  be  confumed  by  subse- 
quent research.  The  CTE  study  found  that,  after  ab<yvil 
five  to  six  years  working  with  computers,  most  teachers 
move  from  using  computers  to  directly  reinforce  what  is 
being  taught  to  using  them  to  do  more  expansive  activi- 
ties: creating  their  own  materials,  playing  around  with 
existing  software  and  data,  using  the  computer  as  a 
general,  flexible  tool.  ITie  "accomplished  computer-using 
teachers''  are  found  in  schools  where  extensive  technol- 
ogy resources  are  available  to  them.  These  teachers  come 
from  situations  where  they  are  given  support  for  their 
efforts,  through  formal  and  informal  training  and  opportu- 
nities for  sharing  with  their  colleagues,  and,  most  impor- 
tanUy,  time  for  planning  and  "messing  around"  to  see 
what  works  with  their  students. 

In  Power  On!  we  called  for  improvements  and 
enhanced  inservice  education  in  technology  use  and 
applications,  but  warned  that  this  alone  wasn't  enough. 
Even  the  most  effective  inservice  programs  couldn't 
overcome  two  of  the  biggest  difficulties  in  teaching — 
time  and  isolation.  Inservice,  often  confined  to  a  day  or 
two  a  year,  may  have  a  host  of  competing  requirements: 
in  one  afternoon  trying  to  "cover"  the  "hot"  topics  of  the 
moment,  whether  they  be  curriculum  changes,  AIDS 
education,  or  dealing  with  problems  of  abuse,  violence,  or 
drugs.  Giving  teachers  a  vision  of  how  computers  can 
change  their  teaching  requires  a  more  intensive  and 
extensive  time  commitment.  Absorbing  new  teaching 
principles,  getting  comfortable  with  the  hardware  and 
software,  "fooling  around"  until  you've  made  it  your 


own — all  under  the  guidance  cf  competent  trainers, 
followed  up  with  continuing  support — these  elements 
can't  be  conveyed  in  an  afternoon  lecture  or  a  three  page 
handout  Budget  crises,  staff  shortages  and  cuts  in 
"excess'*  administrative  personnel,  like  computer  coordi- 
nators, exacerbate  the  difficulties  involved  in  creating 
appropriate  computer  inservice  training  programs  for 
teachers. 

What  was  most  fnistratiiig  of  all — and  shocking  to 
many  policy  makers— was  the  finding  that  new  teachers 
conung  fresh  from  schools  and  colleges  of  education 
weren't  entering  the  classroom  ready  to  teach  with 
technology.  In  1988  half  the  states  had  no  requirements 
for  preservice  training  in  technology.  So  it  was  not 
surprising  that  in  an  AACTE  survey  of  teacher  education 
students  asking  about  readiness  to  teach,  the  area  rated 
lowest  was  teaching  with  computers.  Education  faculty 
also  saw  this  as  the  area  where  Uieir  students  were  least 
prepared  for  teaching,  but  they  thought  58%  of  their 
students  were  adequately  prepared,  compared  to  29%  of 
the  students  rating  themselves  ready  to  teach  with 
computers(AACTE,  1987).  Imagine  how  we'd  feel  if 
medical  students  were  similarly  uncomfortable  with  and 
loathe  to  use  the  advanced  technologies  available  in  their 
field  when  they  went  into  practice! 

So  What  Happened? 

There  was  an  overwhelmingly  positive  response  to 
Power  On!.  After  sending  it  to  our  chenl — Congress — 
calls  started  coming  in  from  State  Departments  of 
Education,  school  districts,  and  individual  teachers.  We 
never  expected  the  report  would  bei:ome  one  of  GPOs 
best  sellers,  but  it  did,  for  the  simple  reason  that  the 
education  community  was  hungry  for  such  a  report.  At 
that  time,  the  Department  of  Education  had  not  made 
technology  a  high  priority,  to  say  the  least,  so  having  the 
OTA  report  filled  a  gap.  It  put  a  lot  of  information — botli 
formal  research  and  anecdotal  data — ^into  context  Our 
fmdings  had  been  validated  by  the  large  groups  of 
teachers  and  school  systems  contributing  to  the  study. 

Most  importantly,  ihe  report  became  a  stimulus  for 
further  activity.  The  House  Committee  on  Education  and 
Labor  used  material  from  a  background  paper  for  the 
study  ("Txends  and  Status  of  Computers  in  Schools:  Use 
in  Chapter  1  Programs  and  witli  Limited  English  Profi- 
cient Students")  for  the  reauOiorization  of  Chapter  1  and 
the  BiHngual  Education  Act  (H.R.  5,  School  hnprovement 
Act  of  1987.)  The  bills  specified  the  acquisition  of 
computer  hardware,  software,  and  related  materials  as  one 
of  five  priority  areas  for  use  of  Chapter  2  funds,  and 
encouraged  the  use  of  technology  in  magnet  schools 
programs  and  bilingual  education  programs.  OTA's 
fmdings  on  the  need  for  greater  Federal  investment  in 
R&D  technology  was  cited  extensively  in  House  Educa- 
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tion  Conunittee's  report:  "Educational  Research,  Devel- 
opment, and  Dissemination:  Reclaiming  a  Vision  of  the 
Federal  Role  for  the  1990's  and  Be  rond  " 

Teaching  At  a  Distance 

One  tangible  result  of  Power  On!  was  a  Congressional 
request  for  an  immediate  OTA  follow  up  study  on  a  area 
we'd  been  able  to  discuss  briefly:  telecommunicaUons. 
No  sooner  was  Power  On!  out  the  door  than  OTA  was 
asked  to  look  at  "the  distance  learning  thing". 

Impressed  by  the  potential  of  telecommunications  for 
improving  math  and  science  teaching.  Senator  Kennedy 
had  shepherded  a  major  new  technology  program  through 
Congress,  the  Star  Schools  Program.  Congress  asked 
OTA  to  look  at  the  implications  of  telecommunications 
technologies  in  improving  K-12  education,  to  help  them 
shape  the  program  and  develop  policy  for  this  important 
activity.  The  resulting  study.  Linking  for  Learning:  A  New 
Course  for  Education,  also  used  another  metaphor  to 
convey  the  central  message.  Links.  Links  between 
schools,  or  districts,  or  even  across  States.  Links  between 
students  in  disparate  classes.  Links  between  the  telecom- 
munications providers  and  public  schools.  The  problem  is 
an  old  one— how  to  provide  equal  access  to  quality 
education  in  all  kinds  of  schools  in  all  kinds  of  locations. 
Rural  schools  with  just  3  kids  eager  to  take  AP  Biology, 
0/  6  hoping  to  study  German;  inner  city  schools  unable  to 
attract  specialized  teachers;  small  schools  hundreds  of 
miles  from  the  nearest  museum  or  cultural  center, 
suburban  schools  isolated  from  the  "real  world";  teachers 
far  from  the  universities  that  could  provide  continuing 
professional  growth.  Old  problems,  but  anew  solution. 
Increasingly,  we  found  that  schools,  districts,  and  States 
are  turning  to  distance  learning  technologies— cable,  fiber 
optic,  microwave,  satellite,  computer,  cm:  combined 
systems— to  suj^ly  these  "missing  links",  connecting 
teachers  and  information  from  as  far  as  across  the 
continent,  as  close  as  down  the  hall. 

We  found  that  distance  learning  has  filled  a  gap  for 
two  equally  impcMlant  reasons.  First,  technology  develop- 
ments have  created  systems  that  are  powerful,  flexible, 
and  increasingly  affordable.  At  the  same  time,  it  is 
clear  that  not  every  teaching  need  can  or  must  be  met 
by  applying  the  traditional  classroom  model  of  one 
teacher  standing  in  front  of  a  class  of  25  students.  The 
alternatives  provide  altogether  new  oK>ortunities. 

We  were  particularly  encouraged  about  the  opportu- 
nities distance  education  systems  offer  teachers  for 
professional  growth,  from  team  teaching  with  a  special- 
ist in  another  field  located  far  from  the  classroom,  to 
informal  sharing  of  resources  and  information  and 
concerns  over  computer  networks;  from  full-fledged 
courses  for  credit  to  ongoing  training  like  Oiat  needed  by 
all  professionals  to  broaden  knowledge,  enhance  skills,  or 


even  change  specialities.  For  example,  in  one  distance 
learning  application,  we  saw  a  social  studies  teacher  who 
monitored  a  Russian  history  class  with  his  students,  and 
worked  with  the  distant  instructor  after  hours  over  the 
network  until  he  himself  was  qualified  to  teach  the 
Russian  history  class  the  next  year. 

Sharing  teachers  among  schools,  once  a  geographic 
hassle  at  best,  a  physical  impossibility  at  worst,  Is  now 
feasible.  At  the  time  of  the  Linking  for  Learning  study, 
for  example,  we  reported  that,  in  a  survey  of  States 
looking  at  shortages  of  foreign  language  teachers,  38%  of 
the  States  reported  that  they  offered  foreign  language 
instruction  via  technology  as  one  solution  0>raper,  1988). 
Cuirendy,  more  students  in  die  U.S.  study  Japanese  over 
theTI-IN  distance  learning  network  than  by  any  other 
source.  And  they  do  better,  one  study  found,  than  students 
taking  the  course  in  traditional  high  school  classrooms. 

But  our  central  finding  didn't  change:  teaching 
matters.  The  key  to  success  in  distance  learning  is  the 
teacher.  If  the  teacher  on  the  system  is  good,  die  technol- 
ogy can  become  almost  transparent  and  distance  really 
becomes  irrelevant.  Conversely,  no  technology  can 
overcome  poor  teaching— it  will,  in  fact,  be  exacerbated 
in  distance  education  applications.  But  when  skilled 
teachers  are  involved,  dieir  entfiusiasm,  expertise,  and 
creative  use  of  the  media  can  offer  students  enrichment 
tiiat  goes  beyond  the  four  walls  of  the  classroom. 

Note  die  recunence  of  die  term  "skilled  teachers". 
We  found,  again  not  surprisingly,  that  teachers  must  be 
trained  to  use  the  medium  effectively.  What  is  surpris- 
ing is  Oiat  some  schools  try  to  place  a  teacher  in  front  of  a 
camera  and  say  "Teach!"  If  s  not  die  samer-Oiey  must 
fmd  new  ways  to  structure  interaction  widi  students,  and 
old  styles  of  teaching  may  not  be  appropriate.  The  limits 
of  die  distance  learning  technologies  can  be  catalysts  for 
instructional  design  and  teaching  techniques  diat  enhance 
the  learning  process.  The  distance  teacher  may  use  live 
interviews  widi  local  experts,  tapes  and  special  materials 
assembled  from  broad  sources,  computer  graphics,  or 
other  specialized  resources  unavailable  in  die  receiving 
school.  Even  somediing  as  "hands-on"  as  a  laboratory 
procedure  can  be  modeled  on  die  medium  live,  while 
students  follow  along  in  dieir  classrooms,  assisted  by 
classroom  teaching  aides  or  facilitators  who  work  wiUi  die 
distance  instructor  in  planning  lessons,  monitoring  die 
activities,  distributing  and  collecting  homework  and  tests, 
and  maintaining  discipline. 

Other  findings  paralleled  diose  about  computer  use: 
distance  teaching  takes  mr  e  time  to  prepare,  more 
effort  to  compensate  for  the  physical  separation  from 
students,  and  requires  more  organization.  "Dead  time" 
that  might  be  acceptable  in  a  traditional  classroom 
situation  is  unacceptable  when  die  camera  is  rolling.  And 
being  on  camera  at  all  times  is  even  more  intimidating 
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than  standing  in  the  front  of  the  classroom.  It's  not  for 
everyone.  But  those  who  are  becoming  experienced  in 

the  area,  we  found,  are  excited  by  die  opportunities  to  be 
innovators,  to  teach  the  subjects  they  love  to  a  wider 
range  of  students  than  they'd  find  in  their  home  schools, 
to  work  with  colleagues  and  teaching  aids  in  the  distance 
classrooms,  and  to  use  technology  as  a  springboard  for 
creativity. 

Teaching  matters.  This  is  real  teaching,  done  by 
teachers,  and  kids  are  learning.  In  most  instances,  we 
found,  distance  learning  is  as  effective  as  on  site,  face 
to  face  instruction  in  the  classroom,  (see  Moore,  1988). 

What  Happened? 

The  OTA  study  caught  the  telecommunications  train 
just  as  it  was  firing  up  to  pull  out  of  the  station.  What 
was  tentative  and  unique  just  ibxee  years  ago  is  almost 
commonplace  in  many  districts  today.  Is  the  train 
heading  in  the  right  direction?  The  timing  was  excellent 
for  advising  Congress  on  evolving  issues.  OTA  testified 
several  times  before  the  House  Education  Committee,  and 
the  Conimerce  Committee,  advising  on  revisions  to  the 
Star  Schools  program  to  expand  the  focus  to  go  beyond 
rural  targets  to  all  areas  of  the  country,  including  subur- 
ban and  inner  city  schools  (many  of  which  can  be  isolated 
in  their  own  ways);  lo  go  beyond  math,  science  and 
foreign  language  focus  to  range  of  instructional  ^plica- 
tions, including  using  telecommunications  for  literacy,  for 
reaching  under  served  populations,  and  teacher  training. 

Similarly,  State  and  district's  have  used  both  Linking 
for  Learning  along  with  Power  On!  as  guides  in  develop- 
ing long  term  school  reform  agendas.  Many  states, 
including  Texas,  California,  Rorida,  West  Virginia  and 
Kentucky,  have  cited  these  reports  in  preparing  statewide 
educational  techi.,uiogy  plans. 

The  Depailment  of  Education  is  gradually  focusing 
more  resources  on  technology,  partly  from  Congressional 
pressure  and  partly  through  changes  in  attitude  among 
administration  appointees.  A  recent  Department  of 
Education  report  listed  educational  technology  efforts  in 
59  funded  activities  conducted  by  6  operating  compo- 
nents. Fourteen  of  these  are  considered  "primary  focus 
activities,  with  an  explicit  focus  on  educational  technol- 
ogy in  authorizing  legislation.  (U.S.  Department  of 
Education,  1992). 

The  use  of  distance  technologies  for  enhancing  teacher 
training  has  been  particularly  exciting  in  the  last  several 
years.  Today  distance  learning  technologies  are 
providing  to  be  very  valuable  resources  for  the 
inservice  training  needs  of  teachers.  For  example,  the 
Educational  Telecommunications  Network  (ETN)  of  the 
Los  Angeles  County  Office  of  Education  offers  an 
extensive  range  of  materials  for  teachers,  live  and 


interactive  (via  telephone  call-in  to  content  specialists). 
This  central  resource  has  been  used  in  all  95  school 
districts  spread  across  the  4C00  square  miles  that  make  up 
LA  county,  as  well  other  parts  of  California  and  neighbor- 
ing states  able  to  receive  the  unscrambled  video  signal  on 
the  Ku-band  satellite.  Teacher  training  is  ongoing  in 
areas  such  as  curricular  reform,  new  assessment  require- 
ments, topic  such  as  **ESL  toolbox"  and  science  and 
technology  teaching.  Special  topics  foe  administrators 
(e.g.  issues  of  change,  supervision  and  accountability) 
keep  reform  efforts  moving  and  school  leaders  energized. 

Congress  continues  to  turn  to  OTA  for  guidance 
regarding  topics  including  educational  rates  for  telecom- 
munications services,  setting  aside  time  for  educational 
applications  on  satellites,  and  encouraging  dissemination 
of  effective  practices.  Increasingly,  when  future  applica- 
tions of  teleconmiunications  are  debated,  the  educaUonal 
community  lias  a  seat  at  the  table .  While  it  is  still 
possible  that  schools  could  be  left  behind  for  lack  of 
resources,  the  partnerships  encouraged  in  Linking  for 
Learning~m\oh  ing  school  districts,  universities,  local 
industry,  and  cable,  public  broadcasting,  and  telephone 
companies  as  well  as  computer  companies — have  become 
the  model  supported  by  Star  Schools  and  other  legislation. 

What  About  Adults? 

The  lessons  learned  from  our  studies  of  computer  use 
in  elementary  and  secondary  schools  proved  a  strong 
basis  fw  the  current  OTA  study  on  technologies  for  adult 
literacy.  In  this  study,  it  has  become  clear  that  technology 
could  be  a  powerful  resource  for  literacy,  but  that  adult 
literacy  programs  are  often  far  behind  their  elementary 
and  secondary  school  counterparts  in  technology  use. 
Technology  can  provide  a  private,  individualized  tutoring 
resource  for  learners;  it  can  give  them  a  chance  to  succeed 
in  a  new  educational  environment,  one  in  which  they 
perceive  a  sense  of  security  and  support,  and  which  gives 
thcKi  continuous  feedback  on  progress  as  well  as  immedi- 
ate reinforcement  and  feedback  on  their  progress.  Impor- 
tant as  these  factors  are  for  all  studenu;,  they  are  particu- 
larly important  for  those  adults  who  experienced  humilia- 
tion and  failure  under  earlier,  traditional  teaching  ^- 
proaches.  Computers  put  control  in  the  hands  of  the 
leamer  and  allow  greater  flexibility  in  scheduling,  at 
times  when  a  tutor  or  teacher  may  not  be  available,  but 
the  student  is  ready  to  learn.  New  portable  learning 
devices,  from  notebook  computers  to  hand-held  multi- 
purpose electronic  learning  aides  (combining  the  capabili- 
ties of  a  thesaurus,dictionary,  grammar  and  spelling  aid 
and  language  translator),  could  make  it  possible  for  adults 
to  study  whenever  and  wherever  they  find  the  time— at 
home  after  the  kids  are  in  bed,  on  the  bus,  on  breaks  at 
work.  And  television  can  bring  learning  into  the  home. 
The  GED  on  TV  series  offered  by  Kentucky  Educational 
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Television  alone  has  niade  it  possible  for  thousands  of 
adults  to  obtain  their  high  school  degree;  other  series  are 
expanding  the  use  of  television,  especially  as  new 
interacUvity  is  available  through  computer  and  telephone 
linkups. 

The  adult  literacy  study  raised  issues  regarding 
teachers  and  technology  paralleling  what  we  found  in 
earlier  studies.  But  these  concerns  are  even  more  prob- 
lematic in  adult  Uteracy,  where  the  majority  of  teachers 
work  parttime,  were  trained  in  different  specialties  (K-12 
rather  than  teaching  adults),  and  have  even  fewer  re- 
sources available  for  professionalization  and  training. 
Technology  use  is  lower  in  adult  literacy  programs; 
although  among  the  patchwork  of  service  providers  make 
it  difficuH  to  collect  the  data,  OTA  estimates  that  only  10- 
15  percent  of  all  programs  use  computers  for  instruction. 
Most  adult  literacy  programs  rarely  have  the  sustained 
funding  necessary  for  planning  for  technology  purchases 
or  the  experienced  staff  or  volunteers  knowledgeable 
about  technology. 

What's  Next? 

Tb-  world  of  educational  technology  has  changed  a  lot 
since  our  flrst  study,  especially  in  the  areas  of  software 
development  and  broader  access  to  a  range  of  inaeasingly 
powerful,  flexible,  and  friendly  technologies  for  most 
students.  That's  all  the  good  news.  But  we  suspect  today 
the  greatest  difficulty  remaining  is  the  problem  of  the 
needs  of  teachers.  Teaching  matters,  yet  the  area  most 
resistant  to  change  has  been  providing  teachers  the  time, 
training,  and  visions  they  need,  helping  them  find 
opportunities  to  do  things  differendy  with  technology. 
Some  have  suggested  it\s  too  late— technology  has 
advanced  to  the  point  that  we  do  not  need  teachers. 
Technology,  they  claim,  has  already  replaced  teachers, 
and  much  more  eftlcienUy  (Perleman,  1990, 1992). 

I  don*t  buy  that.  All  the  lessons  of  the  last  four 
studies  tell  us  otherwise— Teaching  Matters.  But  what 
could  Congress  do  to  create  a  marriage  of  teachers  and 
technology?  We  think  that's  the  next  question  on  the 
agenda.  One  area  of  special  concern  is  your  baliwick— the 
training  new  teachers  get  in  education  schools.  We've 
done  some  background  work  on  the  topic,  tiianks  to  a 
comprehensive  literature  review  by  Jerry  Willis  of  die 
University  of  Houston:  this  paper  has  given  us  a  sense  of 
how  litde  has  changed  in  teacher  preparation  for  using 
technology  innovatively.  We  hope  to  be  able  to  share 
some  of  those  results  soon.  1  have  prepared  tiiis  paper  for 
delivery  at  tiie  STATE  conference  and  for  publication  in 
the  Technology  and  Teacher  Education  Annual  because 
Congress  continues  to  turn  to  OTA  for  a  picture  of  where 
we're  headed — is  it  where  we  want  to  go?  In  preparing 
for  die  questions  of  Uie  103rd  Congress,  I  want  to  hear 
what  you  are  doing,  to  see  what's  changed,  and  what's 


blocked  changes  you'd  like  to  make  haK>en.  A^Oiere 
could  Federal  policy  make  tiie  biggest  difference:  help 
support  education  schools  to  buy  hardware  and  software, 
or  train  professors?  Set  up  networks  across  education 
schools  or  advanced  training  facilities  using  die  best  from 
around  the  country,  similar  to  the  National  Technological 
University  for  engineers?  Supporting  more  innovative 
student  teacher  models,  internships  with  Master  Technol- 
ogy Users?  Providing  forgivable  loart^  to  bring  a  new 
breed  of  teachers  into  die  schools— or  to  help  retrain 
military  personnel  interested  in  teaching? 

That's  why  I'm  here.  Tell  me  your  tales,  show  me 
your  best  stuff,  cry  on  my  shoulder.  Let's  go  forward. 
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Preparing  teachers  to  deal  with  diversity  is  a  priority 
in  teacher  education  today.  Assuiing  that  we  do 
noi.  support  inequities  as  a  consequence  of  that 
diversity  is  a  moral  imperative.  As  some  of  the  authors  in 
tills  section  caution,  technology  can  be  one  more  way  to 
reinforce  existing  inequities  or  to  create  new  ones.  Or,  as 
others  suggest,  technology  can  be  used  to  overcome  past 
inequities  and  create  better  educational  environments  for 
all  students.  The  choices  we  all  make  must  be  thoughtful 
choices  as  we  attenxpt  to  inccxporate  technology  more 
effectively  in  our  programs.  That  effectiveness  must  be 
evaluated  in  light  of  the  consequences  that  our  choices 
have  for  the  students  our  own  students  will  teach. 

To  begin  this  section.  Brent  Robmson  looks  at 
England*s  approach  to  Instructional  Technology.  He 
draws  specific  attention  to  the  political  implications  in  our 
uses  of  technology.  He  also  points  out  the  importance  of 
making  our  students  aware  of  how  their  professional 
lives,  and  their  uses  of  technology,  may  be  influenced  by 
not  only  the  political  domain  but  the  social,  economic, 
and  moral  domains  as  well.  He  stresses  the  responsibility 
we  all  have  to  prepare  our  students  to  be  able  to  critically 
evaluate  their  use  of  technology  in  light  of  this  complex- 
ity. 

Rosemary  Skeele  looks  at  multiple  causes  of  dispari- 
ties in  computer  usage  including  socio-economic  status, 
race,  gender,  ability  level,  and  exceptionality.  As  she 
indicates,  these  forms  of  diversity  contribute  to  disparities 
in  the  use  of  other  forms  of  technology  as  well.  There  are 
many  root  cause  of  these  inequities.  Other  authors  in  this 
section  address  some  of  them. 

Annitage*s  focus  on  the  gender  g^  in  computer  usage 
reinforces  the  subtly  with  which  many  inequities  occur. 
As  she  indicates,  most  of  us  do  not  see  ourselves  as  part 
of  the  problem  but  most  of  us,  also,  do  not  seem  to  be 
doing  much  to  change  the  situation.  We  bring  assump- 
tions with  us  regarding  technology  that  serve  to  place 
some  students  at  a  disadvantage.  She  identifies  some  of 
the  causes  of  the  gender  gap  in  computer  usage  and 
prompts  the  reader  to  consider  how  their  own  taken  for 
granted  assumptions  may  be  a  contributing  factor. 

Although  computers  and  other  technologies  can  be 
used  to  foster  educational  opportunities  for  language 
minority  students.  Hunt  and  Pritchard  note  that  "few 
teachers  serving  language  minority  students  employ 
computers  in  their  teaching.**  In  their  own  work  they 
found  that  none  of  the  instructional  modifications  made 
by  teachers  working  with  these  students  were  technologi- 
cally based.  They  note  an  additional  barrier  to  using 
technology  to  help  mitigate  inequities — teachers  lack  of 
resources  and  training. 

Bohlin,  Bohlin,  and  Benavides  look  at  how  one 
particular  language  minority  group — the  Hispanic 
population  of  students — is  at  a  particular  disadvantage  in 
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terms  of  cwnputer  usage.  Their  attitiides  about  computers 
influence  their  perception  of  their  usefulness.  In  addition, 
the  authors  suggest  that  there  may  be  cultural  barriers  to 
changing  those  atatude->.  The  taken  for  granted  assump- 
tions that  are  a  reflection  of  our  cultural  embeddedness 
may  confound  all  of  our  aims,  not  just  those  of  our 
students. 

Multimedia  personal  computers  hold  exciting  poten- 
tial for  second  language  acquisition  according  to  Dennis 
Nulman.  He  moves  the  discussion  forward  by  sugg  ^-^ting 
that  the  strength  of  MFC's  may  he,  in  part,  in  the  auuien- 
Ucity  of  the  learning  experiences  they  are  able  to  provide 
for  students.  In  addition,  the  valuable  feedback  on 
student  learning  that  will  be  provided  with  the  use  of 
MFC's  cannot  be  underestimated.  All  of  the  factors 
influencing  student  learning  must  be  considered  as  we 
assess  the  authenticity  of  the  learning  experiences 
provided  for  students  —  authentic  learning  must  be  a 
concern  of  all  educators.  This  places  significant  responsi- 
bilities on  those  of  us  who  use  new  techntslogies  to 
educate  teachers. 

Multimedia  is  also  the  focus  of  Picciano's  paper.  He 
discusses  a  multimedia  program  designed  to  help  students 
become  sensitive  to  issues  of  diversity,  particularly  as  it 
contributes  to  group  conflict.  Through  the  use  of  multkne- 
dia  students  are  immersed  in  the  complexity  of  a  "real" 
event  and  their  learning  beccHnes  more  meaningful. 
Working  through  *The  Five  Points:  A  Multimedia 
Experience  in  Social  History"  students  learn  the  limita- 
tions in  a  single  perspectives  and  the  value  in  multiple 
perspectives.  One  way  to  help  our  students  learn  to  deal 
with  diversity  in  their  classrooms,  as  several  of  this 
sections'  authors  suggest,  is  to  provide  them  with  oppor- 
tuniues  to  see  the  validity  in  perspectives  different  from 
their  own. 

Ford,  Zink,  and  Jackson  provide  a  practical  step  by 
step  example  of  how  teacher  educators  can  use  multime- 
dia to  develop  richer,  more  comprehensive  instructional 
units.  They  discuss  how  various  forms  of  media  can  be 
used  to  supplement  one  another.  Just  as  a  single  perspec- 
tive limits  one's  understanding,  Umited  use  of  media 
makes  a  teacher's  lessons  less  than  they  could  be. 

The  section  on  diversity  ends  with  a  piece  by  Clark, 
Hosticka,  and  De  Neuilly  Rice.  Looking  at  the  NEW 
South  Africa  they  provide  a  clear  picture  of  how  a 
student's  difference  can  be  used  to  "justify"  inequity. 
They,  in  turn,  build  a  case  for  how  technology  can  be  a 
powerful  tool  in  redressing  some  of  those  wrongs.  They 
provide  a  wider  lens  for  our  observations  and  provide  a 
strong  argument  for  how  technology  can  be  used  to 
overcome  the  disparities  resulting  from  years  of  inequal- 
ity based  on  ^artheid. 

Our  cultural  embeddedness  reflected  in  own  taken  for 
granted  assumptions,  our  attitudes,  and  our  perspectives 


as  well  as  policy  and  a  lack  of  resources  and  preparation 
influence  the  use  of  technology  in  educational  programs. 
Too  often,  as  many  of  these  authors  suggest,  this  leads  to 
significant  inequities.  They  also  make  clear  that  to  make 
learning  meaningful— authentic— teachers  must  not 
ignore  the  diversity  in  classrooms  but  rather  they  must 
consider  their  students'  differences  if  they  hope  to  plan 
learning  experiences  that  are  meaningful  for  all  of  them.  It 
is  the  responsibiUty  of  all  of  us  in  teacher  education  to 
provide  our  own  students  with  opportunities  to  begin  to 
learn  how  to  do  this.  The  autiiors  of  this  section  provide 
many  good  suggestions  for  how  to  begin  and  as  one  of 
them  reminds  us,  "educational  progress  can  come  directly 
from  one  concerned  individual.  That  person  could  be 
you." 

Helen  L.  Harrington  is  an  Assistant  Professor  in  the 
Educational  Studies  Frogi  \m,  School  of  Education, 
University  Michigan,  Ann  Arbor,  Michigan  48190.  Her 
research  interests  focus  on  the  ego,  epistemological,  and 
moral  develop^nent  of  prospective  teachers.  She  is 
currenUy  investigating  how  computer  conferencing 
activities  can  be  used  to  foster  that  develqpment.  She  is 
also  interested  in  how  dilemma-based  cases  can  be  used 
in  conjunction  with  conferencing  activities  to  foster  Uie 
development  of  critical  reflection.  She  can  be  reached  at 
USERLLWG@UMICMUM.BITNET. 
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The  politics  of  technology 
in  education  and  the  role 
of  teacher  educators 

Brent  Robinson 
University  of  Cambridge.  U.K. 


Revolution  may  seem  a  strong  word  to  describe  the 
advent  of  "educational  computing".  It  isn't. 
Nothing  before  has  so  stirred  schools  into  action. 
School  systems,  teachers,  parents  and  children  talk  about 
computers  as  they  never  talked  about  programmed 
learning,  educational  television,  open  education  nor 
raising  the  school  learning  age,  for  that  matter.  Schools 
must  have  computers!  People  talk  about  how  childien  are 
captivated  by  computer  assisted  learning  (CAL)  while 

others  stress  computer-based  jobs  Others  point  to  the 

demands  of  a  technological  culture  when  urging  schools 

to  use  computers  The  range  of  possibilities  is 

exceptional.  No  otiier  technology  has  been  thought  to 
have  such  potential  (Olson,  1988,  p.  1). 

Initial  teacher  education  is  intimately  caught  up  in  this 
revolution.  Training  institutions  ofteu  expenence  directly 
the  sannie  pressures  felt  by  schools.  In  the  UK,  for  ex- 
ample, schools  have  been  mandated  by  the  Government  to 
use  technology  and  every  teacher  training  course  must 
now  contain  "clearly  identifiable  elements  which  enable 
students  to  make  use  of  information  technology  (IT)  in 
the  classroom"  (GATE,  1992,  p.  10).  Even  where  training 
institutions  are  not  directly  subject  to  pressure,  in  order  to 
fulfill  their  teacher  training  responsibilities,  it  is  essential 
that  training  programmes  in  colleges  and  universities 
reflect  the  ways  that  schools  can  and  should  use  technol- 
ogy. In  the  USA  almost  every  teacher  training  institution 
offers  at  least  one  educational  technology  course  (Ely, 
1988).  Teacher  education  courses,  however,  tend  to  focus 
on  the  mechanics  of  technology  or  on  how  to  use  technol- 
ogy to  teach.  UK  courses  are  typical  in  this  respect 
whereby  intending  teachers  are  required  to  learn  to: 

1 .  make  confident  use  of  a  range  of  software  packages 
and  information  technology  devices  appropriate  to 
their  subject  specialism  and  age  ratige; 

2.  review  critically  the  relevance  of  software  packages 
and  information  technology  devices  appropriate  to 
their  subject  specialism  and  age  range  and  judge  the 
potential  value  of  these  in  the  classroom; 

3.  make  constructive  use  of  information  technology  in 
their  teaching  and  in  particular  prepare  and  put  into 
effect  schemes  of  work  incorporating  appropriate  uses 
of  information  technology; 

4.  evaluate  the  ways  m  which  the  use  of  information 
technology  changes  the  nature  of  teaching  and 
teaming  (GATE,  1989,  para  6.6). 

Teacher  education  courses  (as  opposed  to  training 
courses)  should  help  teachers  move  beyond  such  func- 
tional competence.  The  computer  is  a  powerful  tool  and  a 
potent  symbol  in  our  society.  Politically,  it  is  f  Ocularly 
highly  charged  and  instrumental.  There  will  be  many 
pressures  upon  intending  teachers  to  use  computers  in 
schools  and  considerabJe  demands  may  be  made  upon 
them,  some  of  them  perhaps  unrealistic  or  not  obviously 
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desirable.  Those  teachers  need  to  realise  that  the  issues 
are  not  just  pedagogic.  They  need  to  understand  both  the 
symbolic  and  the  instnmiental  aspects  of  the  technology 
and  the  interplay  between  them.  To  make  a  truly  profes- 
sional response  to  technology,  intending  teaches  need  not 
only  to  be  prepared  with  the  skills  to  use  it  but  also  to  be 
equipped  with  a  wide  cultural  perspecUve  which  allows 
them  to  see  clearly  and  critically  the  value-  laden  nature 
of  the  technology,  motives  propounded  for  using  it,  and 
the  consequences  for  ways  m  which  they  and  their  pupils 
should  use  and  think  about  the  technology.  In  pan.'^ular, 
education,  as  a  crucial  social  institution,  is  being  sub- 
jected to  the  demands  of  the  new  technology  and  the 
social  values  inherent  in  it.  Consequ?r.t^>,  'ntending 
teachers  cannot  understand  the  challenge  o^  ihe  computer, 
or  the  context  m  which  that  challenge  is  bemg  cast, 
without  reference  to  the  "outside  forces,"  notably  industry 
and  Government  (Self,  1987),  that  are  mediating  our 
experience  of  IT.  This  paper  is  primarily  concerned  with 
beginning  to  ouQine  some  of  the  important  political  issues 
in  the  belief  that  an  understanding  of  these  is  required 
before  we,  as  teachers  or  as  teacher  educates,  can  begin 
to  address  the  use  of  technology  in  education. 

Technology,  Education,  and  Vocational  Need 

A  commonly  articulated  motive  for  placing  technol- 
ogy in  education  is  vocational  need.  England  has  been 
typical  in  this  respect  with  a  belief  in  the  vocational 
function  of  education  being  employed  to  justify  the 
introduction  of  computers  in  schools.  In  the  1970s  there 
had  been  growing  disquiet  about  the  function  of  English 
education  and  its  failure  to  respond  to  the  demands  of  the 
economy,  especially  with  regard  to  technical  and  science 
provision.  By  1980,  despite  a  change  of  political  party  in 
power,  the  view  persisted  and  the  Government  embarked 
upon  a  substantial  microtechnology  programme  for 
schools.  It  was  first  called  for  by  a  backbench  politician 
(who  came  then  to  be  promoted  to  Minister  for  Informa- 
tion Technology  and,  later,  Secretary  of  State  for  Educa- 
tion) in  the  Guardian  Newspaper  on  December  31st, 
1980: 

Within  a  year  or  18  months  every  secondary  school 

should  have  a  microcomputer  Several  teachers  from 

each  school  should  undergo  a  Computer  Assisted  Learn- 
ing course  in  the  techniques  and  usage  of  computers. . . . 
The  aim  should  be  that  within  three  years  every  boy  and 
girl  who  leaves  schcx)l  should  be  familiar  with  computers 
and  associated  technology,  and  have  acquired  a  simple 
digital  facility  and  some  experience  in  using  and  under- 
standing them. 

Ten  years  further  on  documents  produced  by  the 
government  appointed  National  Curriculum  Council 
(NCC,  1992)  continue  to  state  tiiat  children  should  be 
prepared  for  Uieir  future  roles  as  producers,  consumers, 


and  citizens  in  a  competitive,  technological  society  and 
that  schools  should  give  support  for  the  present  use  of 
technology  in  industries. 

In  a  recent  study  Preston  (1992)  found  Uiat  schools 
had  responded  to  this  vocational  imperative.  Indeed,  she 
found  that  schools  used  technology  overwhehningly  in  a 
vocational  way;  that  is,  as  a  preparation  for  work. 
Intending  teachers  need  to  be  prepared  for  this  situation 
—  it  is  one  not  always  recognised  by  their  trainers.  It 
certainly  is  not  one  which  teacher  educators  necessarily 
find  acceptable.  Intending  teachers  need  to  scrutinise 
carefully  the  extent  to  which  schools  can  or  should  fulfill 
a  vocational  function  in  modem  technology.  It  is  interest- 
ing that  at  the  same  time  that  the  British  Government  was 
articulating  its  vocationally-oriented  microtechnology 
pro^^mme  for  schools,  two  opposition  politicians  were 
expressing  a  different  view: 

Of  course  it  is  true  that  industry  needs  skill.  Indeed  as 
technology  advances  it  will  be  skilled  ratiier  Uian  un- 
skilled labour  tiiat  will  be  required,  and  the  kind  of  skills 

demanded  will  change  rapidly  But  to  thrust  this  into 

die  central  place  in  die  educational  debate  is  to  misread 
the  changing  role  of  employr  snt  in  society,  and  to  miss 
the  great  opportunities  v  i  ^ch  mat  change  makes  possible 
for  human  welfare  and  development.  If  education  for 
children  and  young  people  is  about  preparing  them  for 
life,  then  it  must  be  preparation  for  full  life,  and  not 
merely  for  employment  (Clemitson  and  Rodgers,  quoted 
in  Folhergill,  1988,  p.  19). 

In  the  vocational  debate,  while  arguing  about  die  type 
of  technological  education  required  and  the  degree  of 
technological  skill  which  it  is  possible  and  proper  to 
provide  in  schools,  it  is  cautionary  to  note  that  it  can 
easily  be  assumed  that  die  primary  purpose  of  education 
is  to  train  pupils  to  fit  uncritically  into  \he  workforce. 
(Levitas,  1986;  Simon,  1988).  Tlie  English  Government 
sjiecifically  constramed  what  it  considered  to  constitute  a 
legitimate  technological  education: 

It  will  not  cover  specialist  training  in  microelectronics 
since  neither  the  schools  nw  die  majority  of  fiulher 
education  courses  need  to  be  concerned  widi  how 
microprocessors  are  made  or  the  details  of  how  Oiey 

work  nor  will  it  be  concerned  widi  promoting  studies 

of  the  wider  long-term  implications  of  microelectronics 
for  society  —  for  example  on  employment  and  leisure 
patterns  or  on  re-traming  and  die  general  provision  of 
adult  education  (DES,  1979). 

It  is  very  easy  to  become  victim  of  an  uncritical 
acceptance  of  technology.  Computers  are  presented  as 
beneficial,  economically  competitive,  efficient,  growing 
in  importance,  and  essential  for  national  economic 
advancement.  They  have  positive  sets  of  associations  or 
significations  to  do  widi  such  abstractions  as  rationality, 
efficiency,  status,  and  progress.  In  fact,  computers  are  not 
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neutral.  Boyd-Barrett  (1990)  points  out  that  missing  from 
such  a  cluster  of  values  are  the  less  positive  or  com{>eting 
views  for  what  some  may  see  as  cultural  imperialism:  that 
a  market  economy  is  not  the  only  economy;  that  there  are 
other  areas  of  life  and  experience  felt  by  some  to  be  more 
important  to  a  healthy  individual  or  nation;  that  there  are 
aspects  of  life  to  which  the  application  of  computers, 
though  possible,  may  not  be  socially  desirable;  that 
computers  may  be  far  too  expensive  for  some  social 
groups  or  nations  and  thus  that  the  advance  of  technology 
simply  widens  the  gap  between  these  groups  and  disad- 
vantages yet  further  those  with  less  technology. 

Technology  and  th#  Enhancement  ot  Learning 

As  soon  as  computers  were  introduced  into  schools, 
for  whatever  reason,  observers  noticed  the  effect  they 
could  have  on  the  quality  of  learning.  This  potential 
proves  alluring  to  teachers,  more  so  than  any  vocational 
mandate,  and  is  offered,  especially  by  pohticians,  as  a 
furth  ;r  inducement  to  technological  innovation  in  schools. 
In  lingland  during  the  1980s,  as  a  result  of  what  teachers 
began  to  discover  about  how  computers  could  enhance 
their  leaching,  the  British  Government  refmed  ius  vision. 
It  wished  to  see  computers  used  not  only  to  prepare 
students  with  vocational  skills  but  also  to  enrich  the 
whole  curriculum: 

The  Government  recognises  the  tremendous  potential 
of  IT  as  a  classroom  tool.  Our  nclicy  is  to  promote  iT  in 
schools  and  see  that  it  is  used  to  raise  educational 
standards.  Our  goal  is  ambitious:  it  is  nothing  less  than 
the  full  integration  of  IT  into  all  classroom  studies.  We 
want  to  increase  the  extent  and  effectiveness  of  schools* 
use  of  IT  for  the  enhancement  of  teaching  and  learning  for 
pupils  of  all  ages  and  abilities  right  across  the  curriculum 
(John  Butcher,  Speech  as  Schools  Minister,  12lh  July 
1989). 

The  extent  to  which  such  ambiUous  goals  can  be 
realised  in  schools  must  however  be  given  critical 
consideration.  While  the  English  Government  has 
allocated  substantial  financial  sums  for  the  provision  of 
hardware,  software,  training  and  support  in  its  schools, 
the  financial  commitment  is  still  msufficient  to  meet  fully 
the  Government's  aspirations.  Indeed,  it  has  become 
obvious  that  there  is  now  a  marked  decline  in  government 
investment  in  educational  technology.  This  can  perhaps 
be  explained  by  the  fact  that  the  Government  no  longer 
sees  technology  as  the  political  instrument  it  was  thought 
to  be.  The  above  speech  indicates  quite  clearly  that 
technology  was  to  be  used  as  the  catalyst  for  educational 
change  in  order  to  increase  standards.  However,  by  the 
late  1980s,  the  Government  had  become  impatient  with 
the  speed  of  technological  innovation  in  schools,  and  thus 
also  with  the  slow  increase  in  standards  that  was  supposed 
to  follow: 


The  cential  aim  of  the  strategy  Is  to  harness  the 
potential  of  information  technology  (IT)  for  enhancing  the 

quality  of  teaching  and  learning  aaoss  the  curriculum  

But  there  is  still  a  long  way  to  go  if  IT' s  potential  is  to  be 
fully  exploited.  It  is  still  not  a  part  of  the  teaching 
repertoire  which  all  teachers  fully  appreciate  or  feel 
comfortable  with;  and  for  many  pupils,  access  to  IT  Is  by 
no  means  the  commonplace  activity  which  it  needs  to  be 
if  the  greatest  benefit  is  to  be  gained  (DES,  1987,  para.  2). 

In  1988  the  Government  legislated  for  change.  The 
Education  Reform  Act  introduced  a  National  Curriculum 
prescribing  what  was  to  be  taught  in  schools  together  with 
other  measures  to  force  schools  to  adopt  what  the  Govern- 
ment wanted.  In  this  context,  while  computers  are  still 
acknowledged  to  enhance  teaching  and  axe  seen  to  be 
necessary  for  the  vocational  training  of  the  next  genera- 
tion, they  are  not  so  vital  to  the  Government's  educational 
programme  —  they  are  not  the  powerful  vehicle  for 
change  they  were  thought  to  be.  Direct  legislation  has 
taken  over.  While  computers  remain  a  part  of  ttie  new 
curriculum  they  are  eclipsed  in  significance  by  other 
features  of  the  immediate,  wide,  and  far  reaching  educa- 
tional changes  ordered  by  the  government. 

Goodson  (1990)  says  that  government  support  for 
technology  in  schools  should  not  necessarily  be  seen  as 
anything  mwe  than  a  process  of  symbolic  action.  In 
presendng  the  currency  of  symbolic  action,  Goodson 
quotes,  by  way  of  example,  the  British  Labour  Party 
leader  talking  about  his  party's  campaign  for  election: 
**The  campaign  deliberately  selects  symbolic  policies  - 
such  as  under-fives  provision,  cervical  cancer  screening,  a 
ban  on  lead  in  petrol,  and  home  improvement  grants  -  to 
illustrate  our  commitment  to  general  values.*'  Goodson 
claims  that  the  introduction  of  computers  in  schools  can 
be  understood  a?  an  example  of  symbolic  action  illustrat- 
ing and  invigorating  commitment  to  particular  values.  All 
societies  view  their  educational  systems  as  means  of 
transmitting  cultural  values  and  national  identity.  Com- 
puters can  be  seen  as  symbols  endowed  with  powerful 
connotations.  The  very  appearance  of  a  computer  in  a 
school  becomes  a  vehicle  in  this  process  to  be  discarded 
when  its  symbolic  currency  is  exhausted. 

For  teachers  in  Britain,  the  window  of  technological 
opportunity  may  now  be  closing  as  the  Government 
appears  to  lessen  its  endiusiasm  and  practical  support  for 
technology  in  schools.  If  Government  no  longer  enthusi- 
astically supports  technological  innovation,  teachers 
might  lose  more  than  a  significant  direct  source  of 
funding.  A  Government  shift  in  attitude  could  adversely 
affect  the  support  ccmtng  from  elsewhere  within  the 
educational  system  and  beyond.  It  could  even  affect  the 
enthusiasin  of  parents  and  children.  Without  the  pressure 
brought  to  bear  by  these  bodies  and  the  practical  assis- 
tance often  offered,  technological  innovation  will  become 
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more  difficult  even  for  tliose  teachers  who  do  believe  m 
the  potential  of  computers  to  make  them  moie  effective 
teachers. 

Th»  Poittics  of  T^chnologicQl  DMign 

This  paper  has  been  concerned  t)rimarily  with  tJie 
educational  setting  of  computers  rather  tiian  with  the 
hardware  and  software  itself.  But  technological  designs 
are  also  social  designs.  Cultural  values,  economic 
interests,  and  political  decisions  are  as  integral  to  tlicir 
comiX)sition  as  mathematical  calculation  and  motors 
(Jansen,  1989).  Boyd-Banatt  (1990)  points  out  that  the 
design  of  both  software  and  hardware  reflects  particular 
VJ^ues  and  choices  which  in  turn  embody  a  wide  range  of 
considerations,  including  economic,  political,  social,  and 
ideological  ones.  Computer  hardware  is  a  product  largely 
controlled  by  a  few  multi-national  companies.  Inacas- 
ingly  too,  the  same  can  be  said  of  software.  Certainly  in 
Uie  UK,  after  a  brief  period  in  which  there  was  a  remark- 
able flood  of  educational  software,  it  became  obvious  by 
the  end  of  the  1980s  that  the  indigenous  British  educa- 
tional market  was  too  small  to  sustain  such  production. 
Many  software  publishers  disappeared  and  there  has  been 
a  marked  shift  of  focus  onto  the  acquisition  of  the  more 
flexible  conunercial,  often  international,  products  —  word 
processors,  spreadsheets,  and  databases  —  which  are  still 
available  because  of  the  larger  market  which  is  open  to 
them.  The  type  and  range  of  hardware  and  software  which 
exists  for  school  use  therefore  reflect  the  values  of  the 
market  context  in  which  the  products  were  manufactured 
and  the  needs  of  the  commercial  purchasers  in  those 
markets.  Teachers  need  to  be  aware  that  their  use  of 
technology  can  be  construed  as  a  political  act  not  just  in 
terms  of  their  aims  in  using  »  t  but  also  in  terms  of  what 
the  technology  represents.  It  is  very  easy  when  working 
with  elecb'onic  technology  to  forget  that  the  way  a 
computer  manipulates  and  presents  infonnation  is  a 
construct,  in  part  socially  determined  and  only  one  among 
many.  Technology  urges  its  users  to  accept  and  work 
within  one  particular  cultural  frame  and  presents  that 
frame  as  the  dommant  one. 

An  Agenda  for  the  Future 

To  date,  there  has  tended  to  be  a  silence  in  education 
around  the  issues  raised  in  tliis  paper.  For  example,  a 
computer  search  of  library  articles  and  publications  in  the 
UK  by  bodies  like  the  National  Council  for  Educational 
Technology  revealed  almost  nothing  was  being  published 
on  the  politics  of  technology  in  education  (Matthews, 
1992).  This  however  has  not  necessarily  been  mirrored  in 
what  is  happetiirig  to  the  school  curriculum.  In  the  new  * 
English  National  Curriculum  there  is  an  important 
emphasis  on  pupils*  awareness  of  the  applications  and 
effects  of  technology.  It  may  be  that  the  advent  of  a 


Nadonal  Curriculum  in  England  forces  teachers  (and  in 
dK.ir  turn,  teacher  educators)  to  attend  to  some  of  the 
polidcal  issues.  For  example,  it  is  now  prescribed  that 
pupils  of  early  Primary  school  years  should  be  encour- 
aged to  reflect  upon  Uieir  use  of  teclinology  at  home  and 
an  school,  to  describe  their  use  of  technology  and  compare 
it  with  other  methods.  By  the  time  pupils  move  on  to 
secondary  school,  they  should  be  considering  further 
application  in  the  outside  worid;  the  eventual  aim  is  that 
students  should  be  able  to  stand  back  from  technology 
and  evaluate  its  impact  on  diemselves,  other  individuals, 
organisations  and  society,  discussing  the  ethical,  moral, 
and  social  issues  raised  by  the  technology. 

If  pupils  are  to  achieve  this  uiKlerstanding,  then  it  is 
vital  tliat  tliei  e  exists  a  body  of  teachers  equipped  to 
enable  them  to  do  so.  Of  course,  these  particular  elements 
of  the  educational  technology  curriculum  have  a  coher- 
ence given  to  them  by  concepts  in  the  social,  polidcal, 
economic,  and  moral  domains.  They  should  thus  form 
particularly  important  aspects  of  the  teacher  education 
programme  for  those  intending  to  teach  those  speciflc 
subjects.  It  is  however  important  for  the  political  dimen- 
sion of  technology  to  permeate  teaching  throughout  the 
whole  curriculum  for  there  are  considerable  cultural 
issues  to  be  considered  whenever  this  value-laden 
technology  is  used.  So  often  when  we  employ  software  or 
hardware  in  die  classroom  there  are  political  isi  jcs  related 
to  content,  form,  function,  and  perception  potentially 
available  for  examination.  Teacher  educators  have  a 
responsibility  to  ensure  Uiat  as  student  teachers  go  into 
schools  they  aie  all  aware  of  die  issues  so  that  they  can 
explicate  and  mediate  Qicm  to  advance  tlicir  own  pupils' 
understanding  of  technology. 

But  even  when  teachers  do  not  choose  to  attend  to 
such  teaching  matters  directly,  teacher  educators  have  a 
duty  to  help  all  teachers  towards  an  understanding  of  the 
issues  tliey  ought  to  face  in  schv">ols.  Intending  teachers 
need  to  be  prepared  for  the  teaching  context  Uiey  will  be 
entering:  to  understand  die  genesis  and  purpose  of  die 
technological  demands  and  expectations  placed  upon 
them  (individually  and  collectively)  and  die  resources  and 
support  available  to  diem  as  a  result;  diey  need  to 
examine  die  aims  and  goals  of  dieir  teaching  wiUiin  Uiis 
context  and  thence  to  consider  the  potential  of  the 
computer,  realised  or  not,  as  both  an  evocative  symbol 
and  as  a  powerful  instrument. 

For  teacher  trainers  there  is  a  diird  imperative.  They 
have  a  duty  and  are  in  a  position  to  explore  cridcally  why 
we  should  use  computers  in  schools.  Technology  has 
numerous  social  and  political  implications  and  there  are 
important  debates  occurring  around  technology  and 
education.  These  debates  may  have  profound  implications 
for  bodi  schooling  and  for  the  society  it  serves.  Teacher 
educators  must  enter  diis  debate.  Political  imperatives 
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must  not  be  accepted  uncritically.  They  need  to  be 
examined  for  what  they  are  and  their  value  within  the 
education  system  evaluated.  Teacher  educators  and 
serving  teachers  have  always  been  very  clear  about  trying 
to  represent  the  different  aspects  of  political  debates, 
llicy  have  tried,  with  a  great  deal  of  success,  to  maintain 
a  balanced  position.  However,  with  technology  there  has 
Uxn  what  Matthews  calls  "a  socially  structured  silence" 
in  education  around  some  issues  with  which  teacher 
trainers,  and  teachers,  are  largely  colluding  (Matthews, 
1992,  p.  210).  Teacher  educators  must  enter  the  political 
debate  directly  in  order  to  provide  a  balanced  and 
infonned  perspective  and  to  determine  its  course.  Within 
their  own  teaching,  itK*y  must  finding  ways  of  addressing 
the  issues  centrally  and  in  sufficient  complexity  for 
teachers  to  think  aitically  and  to  come  to  informed 
decisions  about  the  place  of  technology  in  school  and  in 
society  and  thus  to  determine  what  they  in  their  own 
classrooms  should  teach  about  technology  and  how  they 
should  use  it  to  affect  and  effect  their  own  and  Uieir 
pupils'  futurCvS. 
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/  T'ith  the  introduction  of  computers  into  the 

\A/ classroom,  groups  suffering  past  educa 
T  ▼  tional  inequities  now  suffer  one  more,  the 
technological  inequity"  (Fredman.  1990.  p.i). 

Today  in  education  the  utilization  and  integration  of 
computer  technology  is  considered  extremely  important. 
The  National  Science  Foundation  estimates  that  more 
than  three  million  computers  can  be  found  in  schools. 
Researchers  have  reported  the  efficacy  of  computers  in 
education  for  the  past  three  decades.  They  are  used  for  a 
variety  of  learning  activities  and  their  value  within  the 
discipline  has  been  established. 

Rationale  For  Technological  Equity 

In  1983.  the  U.S.  Department  of  Education  reported 
that  computing  was  the  fourth  basic  skill.  Many  feel  that 
knowledge  of  computing  and  its  application  to  one's 
occupational  field  will  be  a  major  determinant  of  a 
person's  role  and  position  in  society  in  the  near  future. 
Educational  access  to  computers  and  computer  training 
will  contribute  to  the  success  or  failure  of  students' 
careers.  In  the  next  century  there  will  also  be  demo- 
graphic changes  for  which  educators  must  be  prepared. 
The  worid's  population  in  2025  will  be  less  than  nine 
percent  Western  anu  Caucasian  (Hodgkinson  as  cited  in 
Gomillion,  1991).  The  United  States  is  already  beginning 
to  reflect  this  change.  Many  educators  have  not  yet 
recognized  that  most  of  the  world  is  not  western,  or 
Christian,    male,  or  white,  or  middle  class,  or  that  "In 
fact,  women  of  all  races,  non-white  males,  and  immi- 
grants will  constitute  85%  of  all  new  entrants  to  the  labor 
force  by  the  year  2000"  (Hudson  Inst,  1987.  p.xiii). 

Multicultural  education  is  an  endeavor  by  fxlucators  to 
deal  with  various  types  of  diversity  found  among  students 
in  their  classrooms  (Sleeter,  1992).  Its  intent  is  to  create 
an  inclusive  curriculum  that  gives  students  an  accurate 
representation  of  the  real  world.  It  addresses  all  of  the 
differences  that  create  computer  inequities.  As  computing 
became  established  as  a  tool  and  a  subject  area  in  schools, 
researchers  observed  that  certain  groups  of  students 
suffered  from  technological  inequities.  Studies  indicated 
that  students  may  be  denied  access  to  computers  and 
computer  knowledge  because  of  socioeconomic  status 
(SES).  race.  sex.  ability  level,  and  exceptionalities 
(Campbell,  1988).  Equitable  computer  education  is  as 
important  as  access.  Recent  studies  reveal  that  even  with 
access  to  hardware,  the  above  groups  suffer  increased 
social  disparities  if  their  knowledge  base  is  not  equitable. 
Equal  access  to  computers,  by  itself,  will  not  eliminate 
educational  discrepancies  or  decrease  individual  differ- 
ences between  students  (Levy.  Navon  and  Shapira,  1991; 
Sutton,  1989.  Webb,  1986). 

Discrimination  may  be  subtle,  unnoticed,  and  inad- 
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vertent;  however,  the  effects  are  as  detrimental  as  if  they 
were  planned.  The  classroom  teacher  is  in  an  excellent 
position  to  observe  technological  inequities,  as  well  as 
being  the  one  most  able  to  initiate  corrective  actions 
(Fredman,  1990).  Teachers  must  recognize  and  respond  to 
the  computing  needs  of  multicultural  populations.  Since 
computers  are  used  throughout  the  content  areas,  teacher 
preparation  programs  must  address  these  needs  with 
multicultural  concepts  and  activities. 

Disparities  in  Educational  Computing 

Less  frequent  educational  computer  use  by  groups 
other  than  males  or  high  ability  level  students  has  been 
noted  in  the  research  for  some  time.  During  the  micro- 
computer revolution  of  the  early  1980's  it  became  very 
apparent  that  microcomputers  were  an  integral  aspect  of 
the  educational  process  and  anycMie  denied  their  use  was 
going  to  suffer  (Campbell,  1988).  It  is  indisputable  that 
the  classroom  computer  is  not  shared  equally.  To  avoid 
perpetuating  disparity  teachers  and  teacher  educators  must 
confront  their  own  actions,  attitudes,  and  situational 
responses  and  model  and  initiate  change  (Nye,  1991).  It  is 
important  for  future  teachers,  as  well,  to  learn  to  make 
adjustments  in  curriculum,  learning  techniques,  and 
software  in  order  to  end  the  jn-evailing  discrimination. 
Some  of  the  ways  in  which  the  disparity  in  educational 
computing  occurs  will  now  be  discussed. 

Socioeconomic  Status 

The  importance  of  wealth  as  a  determinant  of  com- 
puter equity  cannot  be  ignored.  Lack  of  fiscal  resources  is 
most  often  reported  as  the  reason  for  not  purchasing  a 
home  computer.  Rodgers  (1990)  noted  that  ownmg  a 
home  computer  influenced  parental  attitudes  about 
ccMnputer  use.  Parents  who  owned  and  used  computers 
had  more  positive  feelings  about  educational  computing, 
and  more  IBrequently  helped  their  children  gain  profi- 
ciency in  computing.  Eraser  (1991)  observed  that  elemen- 
tary and  middle  school  students  evidenced  academic 
improvement  when  a  computer  was  made  available  to 
them  at  home.  High  school  students,  lent  home  comput- 
ers, enrolled  in  science  and  math  courses  they  normally 
would  not  have  selected,  achieved  success,  self-esteem 
was  increased,  and  educational  and  job  opportunities  were 
expanded  (Merriman,  1987). 

Levy  et  al.  (1991)  note  that  parental  involvement  may 
be  the  most  mfluential  factor  in  determining  a  chUd's 
computer  education.  Their  study  revealed  that  affluent 
parents  had  more  involvement  in  their  children's  school- 
ing and  reconmiended  computing  curriculum  that  would 
allow  students  to  attain  higher  level  thmking  skills.  Low 
SES  parents  were  not  able  to  discern  differences  in 
educational  computing  activities  and  were  content  with 
whatever  computer  skills  the  school  offered.  In  low  SES 


schools  drill  and  practice  programs  fcxmed  the  highest 
percentage  of  computing  assignments.  Wealthy  students 
directed  the  computer  and  poor  students  were  directed  by 
the  computer  (W.  H.  Dutton,  Rogers,  and  Jun,  1987).  For 
the  poor,  education  is  often  expected  to  be  the  equalizing 
force.  Unfortunately,  they  are  shortchanged  on  many 
levels  both  at  home  and  in  i  '  toI. 

Race 

There  is  a  strong  correlation  between  wealth  and  race 
in  the  United  States.  Minority  groups — Blacks,  Hispanics, 
and  Native  Americans — constitute  the  majority  of  the 
poor  (Sutton,  1989).  Disadvantaged  schools,  bussing,  no 
home  computers,  less  rigorous  curriculum,  no  role 
models,  and  less  parental  pressure  are  socioeconomic 
factors  linked  to  race  (Fredman,  1990).  Drouyn-Marrero 
(1989)  reported  that  in  a  regular  classroom  setting  white 
students  were  given  more  opportunities  to  use  computers 
and  that  the  setting  did  not  contribute  to  the  success  of 
Hispanic  or  other  minority  students.  Lockheed  (1985) 
agrees  that  black  students  have  less  computer  access  than 
white  students.  Webb  (1986)  observed  that  schools  in 
New  York  which  serve  black  and  minority  students 
provide  less  access  to  ccnnputers  than  schools  serving 
white  students. 

Many  research  studies  have  concluded  that  computer 
technology  is  an  essential  educational  tool  for  minority 
students,  many  of  whom  are  at-risk  students,  (joodspeed 
(1988)  reported  that  the  number  of  at-risk  students  was 
reduced  through  positive  learning  experiences  provided 
with  computers.  Inaeased  self-esteem  is  often  noted  as  a 
result  of  successful  computing  experiences  and  elimina- 
tion of  discipline  problems  has  been  described  (Boback, 
Tengler,  Diamantes,  &  McMUlan,  1990). 

TelecommunicaticHis  opens  channels  for  minority 
students  to  communicate  with  peers  from  other  SES 
groups,  usually  for  the  first  time.  Removing  barriers 
through  teleconununications  may  be  an  important  step 
toward  equity  (Fazzini,  1990). 

Gender 

Studies  indicate  that  men  and  women  acquire  knowl- 
edge by  different  means  (Nye,  1991)  and  utilize  comput- 
ers in  dissimilar  ways  (Valauskas,  1992).  Most  computer 
software  packages  support  male  learning  styl  es.  Competi- 
tiveness, assertivcness,  noisy  sound  effects,  stereotyped 
vocabulary,  and  biased  graphics  are  typical.  "Men  use 
computers  to  recreate  their  universe,  to  put  power,  control 
and  genius  at  their  fingertips"  (Valauskas,  p.  88)  while 
females  relate  to  computers  interactively  in  a  social 
context.  Women  want  to  exploit  the  connectivity  of  the 
technology  to  enhance  human  conununications. 

School  ccMnputing  situations  tend  to  aUenate  girls 
because  they  do  not  provide  the  social  contexts  in  which 
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women  arc  comfortable.  Girls  generally  do  not  join  all 
male  groups  or  groups  of  strangers,  do  not  aggressively 
pursue  equitable  computer  time,  like  to  woik  in  teams, 
and  enjoy  using  computers  for  applications  other  than 
programming.  Research  has  shown  that  women  wiU  avoid 
optional  computing  activities  because  they  do  not 
complement  female  learning  styles  (Fredman,  1990). 
Women  have  the  least  access  to  computers  at  the  middle 
school  level  and  at  the  high  school  level  word  processing 
is  the  only  utilization  area  where  females  predominate.  In 
a  major  study  most  schools  acknowledged  that  males 
control  academic  c(xnputer  use  (Becker  &  Sterling, 
1987).  A  case  for  eliminating  gender  bias  is  easy  to  make 
since  learning  techniques  that  suK>ort  girls  are  also 
beneficial  to  other  school  groups  (Sutton,  1989). 

Gender  bias  is  apparent  in  ads  for  ccnnputing  equip- 
ment and  supplies.  Fredman  (1990)  reported  that  com- 
puter ads  principally  used  pictures  of  men.  Research  by 
Ware  and  Stuck  (1986)  examined  women's  roles  in 
advertisements  and  noted  that  the  ratio  of  women  to  men 
was  2:3  and  that  females  were  depicted  in  sexist  situa- 
tions, subwdinate  roles,  and  low  status  jobs.  Parents  are 
obviously  influenced  by  stereotypes.  More  computers  and 
software  are  purchased  for  boys  than  for  girls,  three  tunes 
as  many  boys  as  girls  attend  computer  camps,  and 
parents*  computing  expectations  for  girls  are  lower 
(Kramer,  1990;  Nelson  &  Watson,  1991).  Without  role 
models  or  support  from  home  or  school,  women  are  often 
reluctant  to  pursue  the  field  because  they  feel  incompe- 
tent. 

Ability  Level 

Recent  studies  have  investigated  the  relation  between 
ability  level  and  computer  access  (Becker  &  Sterling, 
1987;  Kirby,  Oescher,  Wilson,  &  Smith-Gratto,  1990). 
Frequently,  electives  and  advanced  courses  in  computing 
are  reserved  for  students  with  high  scores  in  math,  have 
prerequisites  in  programming,  or  bear  other  conditions  not 
actually  required.  These  requirements  discriminate  against 
women  and  those  who  have  exhibited  average  or  below 
average  achievement  levels  (Sutton,  1989).  Kirby  et  al. 
(1990)  indicate  that  average  students  in  a  regular  class- 
room have  less  access  to  computers  than  specific  sub- 
groups, **...the  chances  of  the  regular  classroom  student 
having  access  to  a  computer  in  school  were  less  than  half 
those  of  special  education  and  gifted  students"  (p.  539). 
This  study  and  others  indicate  that  students  rated  as  gifted 
had  the  greatest  amount  of  in-school  computer  access. 

In  a  national  study  Becker  and  Sterling  (1987) 
similarly  report  that  high  achieving  students  have  greater 
access  to  computers  as  well  as  a  lower  pupil-per-computer 
ratio.  High  ability  classes  averaged  two  students  per 
machine  while  the  mean  ratio  in  regular  classes  was  7:  L 
They  noted  a  considerable  difference  in  the  type  of 


instruction  offered  students  of  differing  ability  levels  with 
low  ability  students  using  more  drill  and  practice  while 
high  ability  students  performed  tasks  that  required 
thinking  skills.  Since  numerous  studies  report  success 
teaching  computing  to  students  having  various  ability 
levels,  strategies  to  eliminate  discrimination  by  ability 
level  are  needed. 

Exceptionalities 

For  students  with  various  exceptionalities,  both  mental 
and  physical,  the  computer  has  been  called  an  enabling 
tool,  transcending  barriers  and  equalizing  the  learning 
situation.  The  computer  is  a  very  efficient  conmiunication 
link  for  both  the  physically  and  developmentally  im- 
paired, allowing  them  to  attend  regular  classes  and  to 
demonstrate  their  capabilities  to  others  (Budoff,  1982). 
Computer  games  are  a  recreational  activity  that  allow 
disabled  students  to  interact  with  unimpaired  classmates. 

Individualized  learning  and  pacing,  features  of 
computer  software,  are  particularly  helpful  for  students 
with  limitations.  For  them,  computer  instruction  compares 
favorably  with  traditional  learning  modes.  Many  studies 
have  reported  that  for  equivalent  tasks  computer  assisted 
instruction  (CAI)  produced  superior  results  (Wade,  1989). 
In  addition,  attitude  changes  are  often  noted.  Esteem  and 
confidence  are  increased  when  using  CAI  since  the 
computer  exhibits  few  of  the  human  imperfections  that 
inhibit  learning  for  the  disabled  such  as  prejudice, 
frustration,  impatience,  or  discrimination. 

Often  access  to  computers  is  inadvertently  denied 
those  with  disabilities  when  budgets  or  unthinking 
administrators  do  not  allow  the  purchase  of  modifications 
or  special  attachments  necessary  to  accommodate  those 
with  physical  handicaps  (Rotondo,  1992).  The  physical 
layout  of  a  computer  lab  may  also  prohibit  access  by 
handicapped  students.  D.  H.  Dutton  and  L.  Carlisle  (1988) 
speculate  that  the  greatest  problem  is  not  a  shortage  of 
computer  resources  for  those  with  exceptional  needs  but 
ignorance  of  the  current  technology.  An  administrator  of  a 
computing  program  for  the  disabled  at  UCLA  agrees  that 
lack  of  awareness,  coupled  with  perceptions  about  cost, 
cause  schools  to  continue  using  conventional  support 
services  for  disabled  students.  Most  traditional  support 
efforts  do  not  encourage  independence  or  fM-omote  self 
esteem.  Today  many  enabling  computer  devices,  whose 
costs  are  not  jx-ohibitive,  are  available  (Wilson,  1992). 
Parents  and  professionals  must  work  together  to  identify 
and  implement  computing  technology  to  enable  the 
handicapped. 

Designing  Change 

Providing  equal  opportunities  for  every  student  to 
become  involved  with  technology  is  a  goal  for  all  schools. 
Learning  activities  should  be  multidisciplinary  and 
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include  a  variety  of  learning  techniques.  If  there  is 
evidence  of  inequity  in  a  school,  action  is  indicated.  Some 
suggestions  and  activities  for  effecting  change  are: 

•  model  behavior  that  encourages  equity  and  values  all 
students; 

•  integrate  computer  use  equally  into  all  areas  of  the 
curriculum — not  just  math  and  science; 

•  analyze  location  of  computers  in  the  school; 

•  devise  a  fair  use  schedule  that  allows  equitable; 
computer  time  for  all  students; 

•  eliminate  superfluous  prerequisites  for  computer 
courses; 

•  make  computing  a  requirement  for  all  students; 

•  apply  varied  and  innovative  strategies  (e.g..  coopera- 
tive learning,  peer  tutors)  to  teaching  computing; 

•  prepare  all  teachers  to  address  equity  issues; 

•  develop  software  evaluation  guidelines  that  incoipo- 
rate  computer  equity; 

•  purchase  gender  neutral,  bias  free  software; 

•  avoid  highly  competitive  or  violent  software 

•  use  the  technology  to  teach  both  high-order  (thinking) 
and  low-order  (drill  and  practice)  skills  to  all  students; 

•  develop  positive  student  attitudes  about  computing; 

•  illusttate  practical  uses  for  computers; 

•  plan  to  include  diverse  groups  in  computing  activities; 

•  devote  more  time  to  less  enthusiastic  and  less  able 
computer  users; 

•  introduce  students  to  diverse  role  models  to  reduce 
stereotyping; 

•  promote  student  interaction  while  computing: 

•  incorporate  the  computer  into  ext^a-curricular  activi- 
ties (e.g..  sports  stats,  school  newspaper); 

•  develop  programs  and  seek  funds  to  provide  comput- 
ers and  software  to  lend  to  students; 


•  develop  lists  of  community  based  computer  resources 
(e.g..  libraries,  schools); 

involve  parents  in  the  computer  education  of  their 
children; 

•  provide  workshq)S  for  parents; 

•  work  with  computer  businesses  to  offer  discounts  to 
parents; 

•  encourage  parents*  groups  to  raise  funds  to  purchase 
computers  for  the  school; 

•  develop  a  ccxnmunity  computer  equity  task  force; 

Conclusions 

If,  as  teacher  educators,  we  fail  to  jM^ovide  aU  students 
with  appropriate  computer  education  we  will  create  a  new 
minority  -  the  computer  illiterate.  This  new  minority  will 
be  dysfunctional  in  a  technological  society.  Equity  can  be 
achieved  through  a  combination  of  equal  access  and 
appropriate  learning  activities. 

Ignoring  issues  of  computer  equity  adds  yet  another 
form  of  discrimination  to  \hc  others  present  in  our  schools 
and  society.  As  teacher  educators  we  must  raise  the 
consciousness  of  pre-service  teachers  and  encourage  them 
to  recognize  and  take  action  when  they  discover  techno- 
logical inequities  in  schools.  Multicultural  education 
should  confront  injustices  rather  than  repeat  them. 
Technological  reform  in  education  v>  ill  bring  us  a  step 
closer  to  providing  a  quality  education  for  all  students. 
We  must  prepare  teachers  who  are  capable  of  providing 
equal  educational  opportunities  to  all  students  regardless 
of  sex,  race,  SES,  ability  level,  or  exceptionalities. 
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Where  are  the  girls? 
Increasing  fennale 
participation  in  computer, 
math,  and  science 
education 

Deirdre  Armitage 
Computer  Equity  Expert  Project 


As  we  approach  the  turn  of  the  century,  computers 
are  becoming  increasingly  commonplace  in  our 
society.  They  have  greatly  affected  the  way  we 
do  business,  learn,  and  communicate  with  one  another. 
Technology  has  become  a  priority  in  most  schools,  and 
computer  labs  sa^^  springing  up  in  all  kinds  of  educational 
settings.  Electronic  mail  is  a  fun  and  efficient  way  of 
sharing  with  friends  and  colleagues  throughout  the  nation 
and  the  world.  The  U.S.  Department  of  Labor  Predicts 
that  by  1995  at  least  2  million  people  will  be  in  occupa- 
tions related  to  computers  and  millions  of  others  will  be 
using  computers  as  part  of  their  jobs.  Computer-related 
occupations  are  expected  to  increase  by  5%  per  year  in 
the  1990s,  which  in  this  economy  is  pretty  impressive 
(Camevale,  1991). 

We  are,  however,  missing  a  valuable  segment  of  our 
population  in  these  fields:  females.  Data  arc  plentiful 
about  the  under  representation  of  women  in  mathematics, 
science,  and  technology.  The  numbers,  while  improved  in 
recent  years,  continue  to  indicate  a  drc^-off  for  women  as 
they  advance  on  their  education-to-career  path.  With 
recent  attention  to  the  unsatisfactory  performance  of 
American  students  in  these  fields,  and  growing  concern 
about  national  economic  competitiveness,  the  continuing 
drain  of  female  talent  in  the  sciences,  mathematics,  and 
engineering  is  becoming  a  more  visible  national  problem. 
The  problem,  however,  is  not  that  we  do  not  know  how  to 
increase  girls'  participation  in  math,  science,  and  technol- 
ogy. It  is  rather  that  we  are  not  doing  what  works: 
educators'  focused  attention  on  the  issue  and  the  active 
support  and  encouragement  of  girls  to  persist. 

The  Computer  Equity  Expert  Project 

The  Computer  Equity  Expert  Project  sprang  out  of  the 
need  for  increased  awareness  and  action  in  dealing  with 
girls*  participation  in  math,  science,  and  technology.  In 
the  spring  of  1991,  from  applications  of  over  four  hundred 
educators,  two  hundred  project  participants  were  chosen. 
They  lepresented  every  state  in  the  country  and  the 
Disuict  of  Columbia.  Most  teach  in  the  schools  they  were 
proposing  to  work  with:  public  and  private  schools, 
magnet  schools,  schools  on  Indian  reservations,  rural 
schools,  a  statewide  residential  school  for  the  deaf,  a 
statewide  residential  school  for  gifted  math  and  science 
students,  and  a  great  number  of  ordinary  elementary, 
middle,  junior  high,  and  high  schools.  The  trainers,  of 
whom  20%  were  male,  were  self-nominated  and  ranged 
from  assistant  superintendents  to  classroom  teachers. 

The  200  trainers  attended  a  week-long  seminar  in  the 
summer  of  1991.  Background  sessions  were  taught  by 
nationally  known  experts  on  gender  equity  in  education; 
girls  and  women  in  mathematics  and  science;  educational 
technology;  feminist  analysis  of  mathematics  and  science; 
and,  training  and  presentation  skills.  Trainers  participated 
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in  two  computer  equity  workshops  —  What  is  Computer 
Equity  ?  and  Computer  Equity  in  McUh  and  Science  and 
learned  how  to  coordinate  computer  equity  activities  in 
their  schools  with  a  team  of  faculty  members,  parents,  and 
students.  Trainers  returned  to  their  schools  and  taught  the 
two  workshops;  led  computer  equity  teams;  implemented 
strategies  to  increase  girls'  participation  in  math,  science, 
and  computers;  and,  acted  as  a  liaison  with  project  staff. 

Now  in  its  final  phase,  the  Computer  Equity  Expert 
Project  has  been  highly  successful  in  increasing  faculty 
awareness  of  the  gender  gap  and  prompting  them  to 
implement  strategies  to  do  something  about  it.  As  a  result, 
there  are  thousands  more  girls  participating  in  upper-level 
math  and  science  classes  and  computer  activities  than 
before.  For  many  of  these  girls,  inaeased  interest  in  their 
grade  school  years  c^uld  lead  to  highly  rewarding  careers 
involving  math,  science,  and  technology. 

In  order  to  give  girls  a  better  chance  at  economically 
and  personally  rewarding  careers  in  these  fields,  it  is 
important  for  educators,  administrators,  and  parents  alike 
to  understand  the  gender  gap  in  computers,  math,  and 
science:  where  it  is  found,  its  causes,  and  its  conse- 
quences. Only  then  can  the  process  of  closing  the  gap 
begin. 

Evidence  for  the  Gender  Gap 

In  the  better-paying  fields  of  computers,  math,  and 
science  women  are  noticeably  absent.  While  the  figure  is 
increasing,  women  still  make  up  only  one  third  of 
computer  specialists  (U.S.  Dept.  of  Labctf,  1990).  As  one 
moves  into  fields  requiring  more  education,  however,  the 
numbers  drop  remarkably.  The  U.S.  Department  of 
Education  reports  that  in  1990,  fewer  than  17%  of  the 
Ph.Ds  in  computer  science  were  awarded  to  women. 
Engineering  awarded  15.3%  of  its  Bachelor's  degrees, 
13.6%  of  its  Masters  degrees,  and  only      of  its  doctoral 
degrees  to  women.  These  are  fields  which  require  higher- 
order  math  skills  and  advanced  computer  knowledge- 
fields  which  are,  at  the  moment,  not  being  pursued  by 
many  females. 

In  the  elementary  grades  there  is  not  much  evidence  of 
a  gender  gap  in  math,  science,  and  technology.  By  the 
time  ghls  reach  the  middle  school  level,  however,  they 
start  to  avoid  the  computer.  The  gap  widens  as  students 
enter  high  school  and  increases  furthet  into  college  and 
graduate  school.  The  only  occupational  areas  where  you 
will  find  more  women  than  men  using  computers  are 
support  services  such  as  secretarial  and  data  enUy 
positions,  jobs  which  pay  the  least. 

There  is  a  problem:  a  gender  gap  m  computer  educa- 
Uon  that  plays  itself  out  in  our  students'  working  lives. 
All  200  trainers  in  the  Computer  Equity  Expert  Project 
had  gender  gaps  in  theu*  computer  courses,  often  as  severe 
as  0:15  female/male  ratio  m  advanced  progranunmg 


courses. 

A  word  of  caution,  not  all  ^?irls  are  the  same.  While 
we  know  that  inequiUes  exist    oss  the  Imes  of  race, 
ethnicity,  and  class  with  regard  to  computer  access  and 
educational  outcomes,  studies  that  consider  all  three 
variables  (race,  class,  and  gender)  simultaneously  are  few 
in  number.  Therefore,  this  discussion  will  be  limited  to 
gender  and  the  under  representation  of  all  gu-ls  and 
women  in  comp^iters,  math,  and  science. 

Couses  of  the  Computer  Gender  Gap 

What  exactly  causes  the  computer  gender  gap?  Some 
argue  that  there  are  innate  differences  in  males  and 
females  from  birth  and  this  explains  the  over  representa- 
tion of  males  in  computer-related  fields.  This  argument 
has  not  been  proven  to  date,  nor  is  it  likely  to  be  in  the 
foreseeable  future.  It  is  impossible  to  raise  little  boys  and 
girls  in  an  envhonment  free  from  social  influences. 

Very  few,  if  any,  teachers  tell  girls  that  they  cannot 
succeed  in  advanced  math,  science,  and  technology 
classes  because  they  are  female.  Most  computers  are  not 
kept  in  a  "no  girls  allowed"  zone,  such  as  the  boys*  locker 
room.  As  for  teacher  gender,  computer  gaps  are  found  just 
as  often  in  classes  of  female  teachers  as  in  classes  of  male 
teachers.  While  software  can  be  a  problem,  it  is  becoming 
less  of  a  cause  of  the  gender  gap. 

The  main  reason  for  the  gender  gap  in  math,  science, 
and  technology  education  is  also  the  most  subtle.  It  is  the 
message  females  receive  that  computers  are  for  boys. 
Even  as  early  as  the  first  grade  computers  are  seen  as  a 
masculine  activity  by  most  children.  By  the  later  grades,  it 
is  obvious  who  participates  most  in  these  fields. 

Many  people  believe  that  sex  bias  is  overt  and  easily 
recognizable.  For  example,  it  is  the  counselor  who  says, 
"a  pretty  girl  like  you  doesn't  need  to  take  calculus"  or 
the  teacher  who  always  gives  boys  the  first  crack  at  the 
computer.  Since  most  teachers  do  not  wimess  such  events, 
and  they  know  they  are  not  doing  it  themselves,  educators 
do  not  readily  believe  sex  equity  proponents  who  say  that 
sex  bias  occurs  all  the  tune.  It  is  masked  by  its  subdety. 

Historical  Associations  with  Computers 

There  are  some  historical  associations  we  make  with 
computers  that  have  contributed  to  girls'  avoidance  of 
them.  Fu^t  of  all,  computers  are  seen  as  machmes.  Since 
girls  are  not  socialized  to  be  comfortable  with  machmes 
many  of  them  are  uncomfortable  around  the  computer. 
Second,  computers  have  been  largely  associated  with 
math  because  of  their  history  as  number-crunchers,  the 
fact  that  they  are  associated  with  math  classes,  and  that 
computer  teachers  are  frequently  math  teachers.  Past 
research  on  gu-ls'  avoidance  of  math  has  emphasized  the 
emotional  and  attitudinal  element  of  math  avoidance 
(Sheila  Tobias,  1978).  Many  women  feel  incapable  of 
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doing  math  and  that  math  is  not  their  "subject "  This  is 
not  surprising  since  society  considers  matheniatical  ability 
a  male  characteristic  and  many  females  were  not  encour- 
aged to  pursue  math  or  were  discouraged  from  pursuing  it 
in  school.  This  was  especially  true  for  the  mothers  of 
today's  female  students — ^and  mothers  influence  daugh- 
ters. 

The  traditional,  stereotypical  computer  culture  of 
backers  and  nerds  using  technical  jargon  or  of  fiery-eyed 
teenagers  in  video  arcades  dropping  quarters  in  an  endless 
stream  down  the  throats  of  nniachines  they  are  determined 
to  beat  have  also  served  to  further  distance  girls  from 
computers.  They  feel  alienated  from  groups  that  do  not 
appeal  to  their  interests.  Additionally,  dumb  blonde  jokes 
posted  on  Bulletin  Board  Services  and  widely-available 
pornographic  software  serve  to  insult  and  humiliate 
females. 

Other  Co'JSds  of  the  Gender  Gap 

Parents  are  also  culprits  of  biased  behavior,  albeit 
unintentionally,  when  it  is  usually  their  sons  rather  than 
their  daughters  that  tti^y  buy  computers  for.  Families  of 
boys  are  more  likely  to  own  a  computer.  In  addition, 
computers  are  more  often  located  in  a  boy's  room,  rather 
than  in  a  neutral  place  for  all  family  members.  Fathers  are 
more  likely  than  mothers  to  use  a  computer  and  brothers 
more  likely  than  sisters. 

Adolescent  girls'  so<;iaI  lives  are  very  important  to 
them  and  peers'  attit'jaes  and  expectations  are  influential. 
Being  interested  in  ccnnputers  is  sometimes  seen  as 
"uncool"  and  girls  feel  uncomfortable  participating  in 
subjects  and  activities  where  their  peers  are  absent.  An 
example  from  one  of  the  Computer  Equity  Trainers 
demonstrates  this  point  nicely.  The  trainer  runs  a  Girls' 
Equity  Committee  in  the  computer  lab  after  school  once  a 
week.  The  15  girls  present  one  day  were  asked  why  they 
joined  this  club.  Most  of  them  said  they  enjoyed  comput- 
ers but  were  reluctant  to  go  into  the  lab  on  their  own  since 
it  was  always  filled  with  boys.  Many  pointed  to  a  friend 
who  had  convinced  them  to  come  and  because  they  liked 
it,  they  stayed. 

There  are  curriculum  factors,  too:  materials  portraying 
males,  violent  or  competitive  software,  projects  that 
permit  girls  to  be  keyboardeiS  or  note  takers  rather  than 
requiring  them  to  be  active  and  thoughtful  participants. 
Using  baseball  analogies  in  our  exercises.  v.o  matter  how 
much  we  think  kids  love  baseball,  can  cause  confusion  in 
girls  (and  boys)  who  don't  follow  sports.  One  of  our 
Uainers  handed  out  a  math  puzzle  based  on  baseball 
statistics.  Whereas  most  boys  were  really  excited  most 
girls  were  lost.  The  terminology  was  foreign  to  them  and, 
as  a  result,  they  could  not  understand  the  puzzle.  They  put 
the  blame  on  their  math  ability.  A  database  exercise  using 
sports  statistics  may  appeal  to  boys  but  is  there  something 


to  interest  the  girls  as  well? 

Years  and  years  of  research  on  teacher  behavior 
patterns  in  the  classroom  have  also  revealed  a  substantial 
amount  of  unintentional,  unconscious  gender-biased 
behavior.  The  behaviors  most  commonly  observed  by 
researchers  include  calling  on  boys  moie  than  girls, 
accepting  boys'  called  out  answers  more  tnan  girls', 
asking  boys  more  interpretive  questions  and  girls  more 
factual  ones,  giving  girls  neutral  responses  ("Okay")  and 
boys  more  complex  responses  both  positive  and  negative, 
positioning  their  bodies  toward  boys  more  than  girls, 
circulating  more  to  boys'  desks  than  girls'  desks  and, 
telling  boys  how  to  solve  problems  but  solving  the 
problems  for  girls  (Sadker  &  Sadker,  1985). 

Images  of  scientists  and  computer  users  as  male  are 
perpetuated  throughout  the  media  (Ware  and  Stuck, 

1985)  .  If  you  look  in  any  computer  magazine  the  over- 
whelming majority  of  users  portrayed  are  male,  and  most 
often  white.  When  a  female  is  in  the  picture  she  is  usually 
assisting  or  lending  her  locAs  to  help  sell  a  product.  We 
rarely,  if  ever,  see  pictures  in  popular  media  of  women 
wearing  nail  polish  and  fashionable  clothes  doing 
"scientific  things'* — or  anything  scientific  that  looks  fun, 
like  collecting  rock  samples  on  the  top  of  a  mountain  in 
jeans  and  a  tank  top. 

Gender  bias  is  subtle.  Single  incidences  may  seem 
trivial  but  the  cumulative  power  of  these  subtle  influences 
no  doubt  causes  girls  to  receive  the  message  that  comput- 
ers are  not  for  them.  GeiKler  'jia ;  is  pervasive.  We  all  do 
it.  It  is  found  in  every  school,  in  most  classrooms,  in 
many  homes,  even  among  people  who  consider  them- 
selves "aware."  Gender  bias  is  no  one's  fault.  We  have 
grown  up  in  a  society  that  taught  us  these  norms  and 
values  and  we  learned  them  well.  Among  the  media, 
parents,  school,  friends,  religious  institutions,  and  other 
social  influences,  it  is  impossible  to  spend  one's  life 
sheltered  from  gender  bias. 

The  situation,  however,  is  not  hopeless.  Once  we 
understand  what  causes  the  gender  gap,  we  can  work  on 
closing  it.  Through  my  work  with  the  Computer  Equity 
Expert  Project  I  have  spoken  to  many  educators,  teachers, 
and  administrators  who  have  successfully  narrowed  -  if 
not  closed  -  the  computer  gender  gap  in  their  schools. 

Principles  of  Connputer  Equity 

There  are  eight  general  principles  of  computer  equity 
that  we  have  used  for  this  project  (Sanders  and  Stone, 

1986)  .  Each  will  now  be  discussed. 

Focus  specifically  on  girls.  It  is  usually  not  enough 
just  to  increase  the  number  of  computers  in  the  lab  or  to 
open  the  lab  up  after  school.  If  girls  are  not  the  targets  of 
strategies  they  will  often  leave  themselves  out.  You  can 
include  boys  as  well,  but  the  primary  focus  should  be  on 
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attracting  females  if  you  want  the  strategy  to  work.  For 
example,  you  can  designate  free-access  computer  time  on 
Tuesday  as  "girls*  day."  If  you  encounter  resistance, 
designate  Hiursday  as  "boys*  day'*  and  the  other  three 
days  can  be  co-ed.  Trainers  who  have  used  this  strategy 
noticed  a  sharp  increase  in  female  free-time  computer  use 
—  even  on  co-ed  days. 

Target  girls  in  groups.  Adolescent  girls  are  very  social 
people  and  enjoy  being  around  their  friends.  Inviting  a 
group  of  friends  to  join  a  computer  club  will  dispel  fears 
tiiat  they  are  doing  s(Hnetiiing  seen  as  "uncool"  by  Uieir 
friends.  Do  not  show  one  girl  something  on  die  computer 
or  in  the  science  lab  —  show  a  group  of  girls  at  the  same 
time.  Several  trainers  saw  girls'  involvement  peak  when 
Uiey  worked  in  single-sex  groups. 

Design  activities  around  girls'  existing  interests.  To 
accommodate  the  varied  interests  of  girls,  it  is  important 
to  have  a  wide  variety  of  good  educational  software. 
While  some  girls  will  prefer  to  design  greeting  cards, 
oUiers  will  be  interested  in  writing  a  program  to  calculate 
average  body  temperature.  Many  adolescent  girls  are 
interested  in  living  systems  and  their  own  bodies.  A 
program  to  calculate  nutrients  in  tiieir  diets  could  be  very 
appealing  to  girls. 

Streiis  the  usefulness  of  computers.  Many  girls  find  die 
computer  more  interesting  if  it  is  presented  as  a  tool  to  do 
their  work  better  and  faster.  Charts  created  on  a  computer 
to  illustrate  a  science  project  is  an  activity  girls  may  find 
enjoyable. 

Eliminate  biased  computer  practices.  When  we 
unUiinkingly  act  on  die  assumption  that  computers 
interest  boys  more  dian  girls,  we  are  modeling  biased 
behavior  to  our  students.  This  expectation  becomes  a  self- 
fulfilling  prophecy.  To  break  Uiis,  have  female  computer 
assistants.  When  there  is  a  problem  wiUi  the  software,  ask 
a  girl  to  fix  it.  Have  a  group  of  girls  set  up  video  equip- 
ment for  class.  In  this  way,  we  can  begin  to  break  out  of 
stereotypes  that  pervade  our  society. 

Pay  attention  to  your  software.  Look  for  sex  stereo- 
typing on  die  screen  as  well  as  on  the  packaging.  Look  for 
needless  violence.  Often  girls  are  turned  off  by  blast-em- 
up-type  software  that  boys  seem  so  fond  of.  A  collection 
of  non-violent  software  is  more  likely  to  attract  girls.  Can 
the  user  choose  to  play  cooperatively  ratlier  tiian  competi- 
tively? Is  the  software  well  programmed?  Frustration 
about  using  poor  quality  software  can  be  transformec  into 
active  resistance  if  it  is  full  of  bugs  or  has  complex 
directions. 


Let  others  know.  When  you  find  someUiing  diat  works 
particularly  well  in  your  classroom  or  school  let  otiier 
faculty  know  so  Oiat  they  can  try  it  too.  Bring  up  suc- 
cesses and  failures  at  faculty  meetings  or  in  casual 
conversations  widi  colleagues.  Discuss  your  activities 
with  administrators  and  let  diem  know  what  has  worked 
for  you. 

Do  it  again  next  year.  Only  duough  continued  efforts 
can  gender  bias  be  eliminated  from  our  classrooms. 
Systematic  change  is  a  slow  process  which  requires 
conmuunent  and  dedication  over  time. 

What  Works 

Below  are  two  lists  of  strategies  compiled  from 
interviews  widi  die  Computer  Equity  Trainers.  Hiese 
strategies  have  been  tried  and  found  to  be  useful  in  getting 
girls  more  involved  widi  computers,  madi,  and  science. 

Simple  Strategies 

Some  strategies,  as  trainers  found,  require  noOiing 
m  :e  tiian  a  committed  effort  on  die  part  of  one  teacher. 
They  can  be  tried  in  your  classroom  tomorrow. 

•  Call  on  girls  more. 

•  Choose  a  girl  as  a  computer  assistant. 

•  Do  not  permit  sexist  materials,  "jokes'*  or  behavior  in 
your  classroom. 

•  Notice  die  girls  who  hang  back  and  pull  them  in. 

•  Encourage  girls  to  participate  in  computer  clubs  and 
open  labs  in  peer  groups. 

•  Encourage  talented  girls  to  continue  in  technology. 

•  Emphasize  women  in  technology  careers 

Pay  attention  to  diese  picky  and  seemingly  trivial 
tilings  and  you  will  see  results,  A  trainer  from  Colorado 
reports  diat  female  enrolhnents  in  AP  Chemistry  in- 
creased 14%  since  die  new  chemistry  teacher  started 
personally  inviting  and  encouraging  girls  to  take  his  class. 

Strategies  Requiring  More  Effort 

While  these  strategies  require  more  planning  and 
funds,  diey  have  successfully  served  to  inaease  girls' 
participation  in  computers,  math,  and  science. 

•  Educate  parents  about  technology  for  dieir  daughters. 
Speak  at  a  PTA  meeting  on  die  importance  of  encour- 
aging females  to  take  more  madi,  science,  and 
computer  courses  and  to  develop  dieir  skills  in  diese 
areas. 

•  Have  a  special  time  set  aside  for  giris  in  dio  computer 
lab,  e.g.,  Thursday  lunch  time.  Invite  diem  to  bring 
their  lunch,  socialize,  and  work  on  die  computer.  You 
don't  have  to  exclude  boys,  but  if  it  is  advertised  right 
and  girls  are  offered  personal  invitations,  watch  who 
shows  up. 
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•  Hold  a  girls'  technology  night  at  school.  Invite  parents 
to  explcxt^  technology  and  technology  careers  with 
their  daughters.  Provide  refreshments,  such  as  pizza 
and  soda.  Have  girls  demonstrate  the  equipment. 

•  Produce  a  video  yearbook  as  one  trainer  from  Kansas 
did  with  25  junior  high  school  girls.  The  group  met  for 
one  hour  each  week  for  eight  weeks.  They  learned 
how  to  use  the  hardware,  software,  VCR  equipment, 
and  cameras.  The  tapes  were  sold  for  $10,  leaving  the 
club  a  profit  of  $7  on  each  tape! 

There  are  many  creative  strategies  being  used  by 
trainers  too  numerous  to  list  here.  The  point  is,  however, 
it's  not  always  what  you  do  that  matters  — just  that  you 
do  something. 

Th0  Project  Continues 

The  Compiler  Equity  Expert  Project  will  officially 
end  in  Februai"y  of  1993.  However,  the  project  will  live  on 
indefmitely  through  many  of  the  200  trainers  who  have 
diligently  worked  with  students,  faculty,  administrators, 
parents,  and  others  to  get  more  girls  involved,  to  raise  the 
consciousness  of  all  toward  equity  issues,  and  to  create  a 
more  equitable  environment  for  all  students  to  learn  in. 
Each  trainer  reached  an  average  of  50  other  faculty 
members  and  350  girls  with  their  equity  message  and 
activities.  Although  project  responsibilities  were  many, 
84%  of  ilie  trainers  did  more  than  the  minimum  require- 
ment of  teaching  two  workshops  —  they  also  carried  out 
other  strategies  with  gkls.  In  addition,  43%  of  the  trainers 
did  an  outstanding  job  involving  students,  staff,  and  often 
administrators  with  their  equity  activities.  Furthermore, 
trainers'  equity  activities  did  not  stop  with  their  schools: 
Over  three  fourths  of  the  u^ners  have  been  involved  with 
presentations,  workshops,  and  other  equity  activities 
beyond  their  immediate  faculty.  These  equity  activities 
were  conducted  at  conferences,  board  meetings,  PTA 
meetings,  in  other  districts,  other  schools,  and  organiza- 
tions such  as  the  Girl  Scouts  and  the  American  Associa- 
tion of  University  Women. 

Quite  surprisingly,  despite  the  activity  and  expertise 
demonstrated  by  the  majority,  few  Computer  Equity 
Trainers  were  exposed  to  issues  of  gender  equity  in 
education  befwe  participation  in  this  project  Even  17 
years  after  Title  IX  became  law,  faculty  members  in 
schools  interested  enough  in  applying  to  participate  in  the 
project  were  unaware  of  the  extent  to  which  females  were 
underrepresented  in  math,  science,  and  technology 
education  and  careers.  They  were  unaware  of  the  research 
on  classroom  interaction  patterns  and  had  not  thought 
about  the  cost  to  society  and  to  women  in  general  when 
women  do  not  acquire  the  skills  necessary  for  technical 
and  scientific  careers.  They  were  unaware  of  the  many 
strategies  to  combat  and  reverse  girls  avoidance  of  these 


fields.  Through  reading  evaluations  of  trainers'  work- 
shops in  their  schools,  the  project  staff  was  surprised  that 
a  common  theme  running  through  the  reactions  to  the 
material  presented  was,  "I  had  no  idea  things  were  like 
this." 

Although  this  project  has  worked  basically  through 
inservice  training  and  staff  development  programs,  we  see 
the  need  for  training  of  this  kind  in  teacher  preparation 
programs.  Conversations  with  many  prominent  teacher 
educators  yielded  the  conclusion  that  gender  equity  is 
generally  not  included  in  courses  taught  to  pre-service 
teachers.  This  is  a  problem  we  hope  to  address  soon. 

In  the  political  arena  of  1992,  the  year  of  change, 
education  is  a  major  topic.  Education  has  been  charged 
with  the  responsibility  of  preparing  our  nation's  youth  to 
build,  maintain,  or  perhaps  regain  the  country's  economic 
strength.  Much  focus  has  been  put  on  math,  science,  and 
technological  skills  as  the  way  to  achieve  this  goal.  As  we 
strive  to  better  prepare  our  students  for  a  changing  world, 
a  technological  world,  it  is  important  not  to  leave  behind 
one-half  the  population:  females.  Women  are  entering  the 
workforce  in  inaeasing  numbers  and  the  percentage  of 
women  working  who  have  children  under  the  age  of  one 
continues  to  rise.  Not  all  working  mothers  do  so  by 
choice — usually  it  is  an  economic  necessity.  Many  of 
these  women  will  be  single  mothers,  the  sole  economic 
support  for  their  family.  This  fact  has  not  hit  many  of  our 
female  students  yet.  We  must  prepare  them  to  face  this 
reality. 

Not  all  educational  progress  needs  to  be  a  lengthy, 
thought-out,  dramatic  process.  It  does  not  have  to  be 
continually  evaluated  by  administrators  or  specialists  with 
Ph.Ds.  It  does  not  have  to  be  a  directive  from  the  school 
board,  superintendent,  or  the  principal.  Educational 
progress  can  come  direcdy  from  one  concerned  indi- 
vidual. That  person  could  be  you. 

The  Computer  Equity  Expert  Project  is  funded  by  the 
National  Science  Foundation,  IBM  Corporation,  Hewlett 
Packard,  Intel  Foundation,  Xerox  Foundation,  American 
Express  Foundation,  Chevron,  and  The  Westinghouse 
Foundation. 

/  wish  to  express  my  sincere  thanks  and  gratitude  to  the 
project  director,  Jo  Sanders,  for  her  comments  on  this 
paper. 
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There  are  approximately  2,000,000  Limited- 
English-Proficient  (LEP)  students  attending 
public  and  private  schools  in  the  United  States 
(OBEMLA,  1991).  This  number  is  expected  to  reach  3,4 
milUon  by  the  year  2000  (Oxford-Carpenter,  Pol,  Lo;  -^z, 
Stupp,  GeiKlell,  &,  Peng,  1984).  California  has  the  greatest 
concentration  (approximately  862,000)  of  these  students 
in  the  nation  (CSDE,  1989).  The  multilingual, 
multicultural  imniigrant  population  of  the  state's  Central 
(San  Joaquin)  Valley  represents  a  microcosm  of  the  state. 
Its  largest  school  district,  Fresno  Unified,  reports  that  89 
different  primary  languages  are  spoken  by  its  students  and 
nearly  one  third  of  its  students  qualify  as  LEP  (Fleming, 
1992). 

Computers  and  other  technologies  which  provide 
students  with  visual  and  audio  support  are  effective  means 
of  helping  language  minority  students  develop  their 
language  abilities.  Rosebery,  Warren,  and  Bruce  (1989) 
report  that  the  Macintosh  computer  is  particularly  well- 
suited  to  LEP  students.  Its  graphical  user  interface  and 
object-oriented  programs,  such  as  HyperCard,  allow  these 
students  to  become  skilled  computer  users  as  quickly  as 
native  speakers  of  English.  Further,  they  have  found  that 
this  ease  of  use  means  '^students  can  engage  in  problem 
solving  that  is  conceptually  appropriate  to  their  intellec- 
tual abilities  rather  than  problem  solving  that  is  limited 
artificially  by  their  proficiency  in  English"  (p.  265). 

Unfortunately,  national  reports  indicate  that  fewer 
than  25%  of  the  teachers  serving  LEP  students  employ 
computers  in  their  teaching  (Johnson,  1985;  NSB  A, 
1991).  We  have  recently  completed  a  three-phase  study 
which  determined  the  extent  to  which  computer-based 
technologies  were  available  and  used  to  develop  and 
enhance  the  language  skills  of  language  minority  elemen- 
tary school  students  within  California's  Central  Valley.' 

Design  of  the  Study 

School  districts  within  the  region  were  categorized  by 
the  percentage  of  LEP  students  in  their  student  popula- 
tion, 0-10%,  11-15%,  16-25%,  and  greater  than  25%.  A 
stratified  random  sample  of  twelve  districts  was  chosen 
and  personnel  within  each  district  office  were  contacted 
regarding  the  study.  All  twelve  districts  agreed  to  partici- 
pate and  identified  an  elementary  school  which  repre- 
sented their  district's  student  population  in  terms  of 
percentage  of  LEP  and  the  languages  spoken.  Survey  data 
were  gathered  from  the  district  office  personnel  and  the 
principal  and  teachers  at  die  selected  school. 

In  addition  to  demographic  information  about  their 
student  pq)ulation  participants  were  asked  about  their 
access  to  technology,  how  they  modified  insuuction  for 
language  minority  students,  under  what  conditions  their 
students  used  computers,  and  the  support  they  received  to 
assist  them  use  technology  with  language  minority 
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students. 

Approximately  20%  of  the  teachers  who  returned  the 
surveys  were  chosen  for  interviews.  This  selection  was 
based  upon  a  categorization  schenia  which  considered  the 
primary  languages  s^wken  (predominantly  Spanish  or 
from  a  wider  range)  and  whether  computers  were  used 
primarily  in  a  school  lab  or  individual  classroom  settings. 

The  final  phase  of  the  study  involved  making  observa- 
tions in  classrooms.  Because  we  wanted  to  see  language 
minority  children  interacting  with  teclmology,  schools 
selected  for  visitations  were  those  in  which  the  teachers 
indicated  they  were  using  computers  and  other  technolo- 
gies with  their  LEP  students. 

Findings 

Most  of  the  teachers  who  returned  surveys  reported 
that  they  modified  their  instruction  to  help  their  language 
minority  students.  The  most  conmionly  listed  methods 
were  using  bilingual  classroom  aides,  grouping  students 
by  language  ability,  teaching  in  the  primary  language,  and 
using  sheltered  English  strategies  such  as  preview/review. 
None  of  the  instructional  modifications  were  technology 
based. 

Despite  the  fact  that  approximately  half  of  the  teachers 
panicipaUng  in  the  study  (N  =  177)  had  regular  classroom 
access  to  computers,  60%  never  used  computers  with 
their  language  minority  childien.  Those  who  indicated 
that  their  language  minority  students  used  computers 
primarily  had  their  children  work  individually  or  in  pairs 
using  language  arts  or  mathematics  drill  and  practice 
software. 

Even  in  schools  where  computers  were  more  widely 
used,  teachers  reported  a  very  limited  range  of  insmic- 
tional  strategies  and  activities.  The  computers  were  used 
most  often  for  drill  and  practice  in  basic  skills;  however, 
one  of  the  schools  visited  had  focused  their  computer 
technology  and  energy  towards  the  establishment  and 
operation  of  a  school  publishing  center. 

When  the  non-computer-using  teachers  were  asked 
why  they  did  not  teach  with  technology,  tliey  cited  a  lack 
of  resources  and  Uaining.  This  finding  concurs  with  the 
Office  of  Technology  Assessment's  (1988,  p.  87)  conclu- 
sion that  "Barriers  to  [teachers']  use  are  both  practical 
(inadequate  access  to  the  technology)  and  intellectual 
(initial  fears  of  using  the  technology  and  a  lack  of 
understanding  of  the  computer's  value  in  serving  the 
curriculum)." 

Implications  for  Teacher  Education 

Though  lack  of  equipment  continues  to  be  a  problem, 
too  often  the  existing  equipment  goes  un-  or  under-used 
because  teachers  are  not  aware  of  how  technology  can 
enhance  their  teaching  and  student  learning.  This  lack  of 
awareness  has  policy  implications  for  teacher  educators. 


First,  teacher  education  programs  must  model  the 
effective  use  of  technology  within  all  their  courses  (not 
just  the  **computer  course''),  arrange  field  experiences  in 
which  students  can  see  technology  being  effectively  used, 
and  ensure  that  their  graduates  have  opportunities  to 
demonstrate  proficiency  in  using  technology  as  a  tool  for 
productivity  and  instruction. 

Secondly,  teacher  educators  must  promote  equitable 
access  and  use  of  technology.  Too  often  those  students 
who  are  fortunate  enough  to  have  contact  with  technology 
are  required  to  participate  in  drill  and  practice  exercises 
rather  than  in  activities  which  offer  opportunities  for 
students  to  develop  tljeir  language  and  critical  thinking 
skills.  Teacher  educators  must  show  students  how 
technology  can  be  used  to  promote  natural,  realistic 
language  acquisition  and  remind  their  svMdents  that  just 
because  kids  cannot  speak  Enghsh  fluently  does  not  mean 
they  cannot  think  critically. 

Notes 

1.  "Limited-English  Proficient"  or  **LEP"  is  the  ^ 
designation  on  which  government  reports  are  based.  The 
authors  prefer  to  use  the  term  "language  minority"  to 
describe  those  students  whose  primary  language  (the 
language  spoken  in  the  home)  is  other  than  English. 
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In  the  United  Slates,  the  minority  group  that  is  most 
highly  under-represented  in  computer  science 
participation  is  the  Hispanic  population  (Oakes, 
1990).  Sanders  and  Stone  (1986)  suggest  that  the  out- 
comes of  computer  avoidance  have  adverse  effects  on 
individuals  as  our  society  becomes  increasingly  techno- 
logical. Hence,  it  is  important  that  factors  contributing  to 
the  lack  of  rejM-esentation  among  Hispanics  be  investi- 
gated. Oakes'  findings  (1990)  suggest  that  socioeconomic 
factors  are  minimally  responsible  fcM:  low  participation  in 
computer  courses.  In  a  study  comparing  various  racial 
groups  among  college  students,  Badagliacco  (1990)  found 
that  Hispanics  have  the  least  favorable  attitudes  toward 
computers  and  do  not  ap|)ear  to  perceive  computers  as  an 
instrument  fcH*  upward  social  mobility.  These  attitudes 
may  contribute  to  the  lack  of  computer  science  participa- 
tion among  Hispanics  and  likely  develop  during  the  early 
years  of  school.  The  purpose  of  this  study  was  to  deter- 
mine the  ccMTiputer  anxiety,  attitudes,  and  confidence 
levels  of  Spanish-speaking  limited  English  proficient 
(LEP)  students  who  are  at  ihe  upper  elementary  and 
middle  school  level. 

Methodology 

Thie  Computer  Attitude  Scale  (CAS)  (Loyd  & 
Gressard,  1984)  has  been  used  widely  over  the  past  eight 
years  to  assess  students'  levels  of  computer  anxiety, 
computer  confidence,  liking  of  computers,  and  percep- 
tions of  the  usefulness  of  computers.  The  subscales  of  the 
instrument  have  coefficient  alpha  reliabilities  ranging 
from  0.76  to  0.89. 

For  minority  students,  especially  those  with  limited 
English  proficiency,  it  is  important  to  investigate  anxiety, 
confidence,  and  attitudes  in  the  students'  language  of 
greatest  proficiency;  in  many  cases,  that  is  their  native 
language  (Cummins,  1989;  National  Coalition  of  Advo- 
cates for  SUidents,  1988).  The  original  CAS,  therefore, 
was  translated  into  Spanish.  The  new  instrument,  the 
Computer  Attitude  Scale  in  Spanish  (CASS),  was  revised 
and  verified  as  accurate  by  four  independent,  native- 
Spanish-speaking  judges. 

The  CASS  was  administered  to  219  LEP  Spanish- 
speaking  students  (grades  four  through  eight)  from  both 
rural  and  urban  areas  in  Central  California.  Students  were 
asked  to  respond  to  the  40  items  on  the  CASS  and  to  also 
estimate  how  many  times  they  had  previously  used  a 
computer  for  word  processing,  programming,  spread- 
sheets, databases,  and  recreational  applications.  Finally, 
students  were  asked  to  indicate  their  date  of  birth,  grade 
level,  and  sex.  The  data  from  42  of  the  subjects  (primarily 
fourth-graders)  were  discarded  due  to  incomplete, 
excessive,  or  inappropriate  (e.g.,  answers  formed  a  pattern 
like  a-b-c-d-c-b-a...)  responses. 

Mean  scores  on  the  four  subscales — computer  anxiety, 
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computer  confidence,  student  liking  of  computers,  and 
perceived  usefulness  of  computers — ^were  calculated  and 
compared  to  the  norms  reported  by  Loyd  and  Gressard 
(1984),  Two-way  ANOVAs  (Age  x  Sex)  were  calculated 
for  each  subscale  score.  Descriptive  statistics  were 
calculated  for  the  items  measuring  the  students'  use  of 
COTiputers. 

Results 

Computer  anxiety  in  the  LEP  group  was  comparable 
to  that  in  the  norming  group  (see  Table  1).  The  LEP 
students  did,  however,  show  slightly  lower  confidence 
and  much  lower  perceptions  of  usefulness  and  liking  of 
computers  than  the  norming  population.  It  is  interesting  to 
note  that  the  standard  deviations  for  the  LEP  subjects 
were  generally  lower  than  the  norming  gioup,  except  for 
the  Usefuhiess  subscale.  There  were  no  significant 
differences  in  the  subscale  scores  by  sex  or  by  age  for  the 
LEP  group. 

As  shown  in  Table  2,  students  reported  having  had 
many  more  experiences  using  computers  for  recreation 
than  for  word-processing,  programming,  spreadsheets,  or 
databases. 

Because  Badagliacco  (1990)  suggests  that  Hispanics 
do  not  perceive  computers  as  an  instnmient  for  upward 
social  mobility,  mdividual  CASS  items  relating  percep- 
tions of  future  relevance  and  usefulness  of  computers 
were  analyzed  (see  Table  3).  Over  62%  of  the  students 
agreed  to  some  extent  that  they  expect  to  have  little  use 


for  computers  in  their  daily  lives.  Over  42%  agreed  that 
they  can't  think  of  ways  to  use  computers  in  their  careers 
and  over  45%  agreed  that  working  with  computers  will 
not  be  important  to  them  in  their  life's  work.  One-fourth 
of  the  subjects  felt  that  computers  were  a  waste  of  time 
and  about  23%  responded  that  computers  were  not 
worthwhile.  (One  indication  of  the  reliability  of  the  data  is 
the  consistency  of  students'  ratings  of  two  oppositely- 
worded  items  relating  to  whether  learning  about  the 
COTiputer  is  worthwhile  versus  a  waste  of  time.) 

Discussion 

While  middle-school-aged  Hispanic  students  do  not 
have  greater  ccmiputer  anxiety  than  the  norming  pecula- 
tion, their  confidence  and  attitudes  are  less  positive.  The 
fact  that  most  of  the  computer  experiences  for  this  group 
have  been  in  the  area  of  recreation  may  explain  why  their 
COTiputer  anxiety  is  relatively  low. 

The  lack  of  gender  differences  in  anxiety,  confidence, 
and  attitudes  supports  the  findings  of  Badagliacco  (1990) 
who  noted  that  Jie  typically  more  positive  affect  of  males 
toward  computers  may  be  washed  out  by  the  reported 
perceptions  of  Hispanic  students  that  COTiputers  are 
"feniinine."  She  su/|gests  that  this  may  be  due  to  the  fact 
that  the  generally-used  word  for  computer  in  Spanish  is 
"computadora,"  a  feminine  noun. 

The  fact  that  these  students  think  learning  about 
computers  is  useful  but  not  important  in  their  future, 
careers  suggests  that  these  students  have  not  yet  been 


Table  1. 

Comparison  of  Subscale  Scores  on  the  Computer  Attitude  Scale  In  Spanisti  (CASS)  and  the 
Computer  Attitude  Scale  (CAS)  by  Limited  English  Proficiency  and  Norming  Population. 


Subscale 

LEP  Students  (n 

=  172) 

Norming  Population 

Mean 

Std  Dev 

Mean 

Std  Dev 

Anxiety 

32.19 

4.55 

32.1 

6.1 

Confidence 

30.28 

5.34 

31.3 

5.6 

Liking 

30.78 

4.77 

33.3 

5.4 

Usefulness 

29.49 

4.78 

33.9 

4.1 

Table  2. 

Students'  Reported  Previous  Computer  Experiences 

Application 

Never 

1-10 

11-20 

21-30 

>  30  times 

Word-processing 

53.5% 

34.3% 

4.7% 

4.7% 

2.9% 

Programming 

73.7% 

14.6% 

5.3% 

5.3% 

1.2% 

Spreadslieets 

8L9% 

11.1% 

4.7% 

1.8% 

0.6% 

Databases 

84.2% 

7.0% 

5.3% 

3.5% 

0.0% 

Recreation 

39.4% 

22.4% 

12.4% 

13.5% 

12.4% 

n=  172 
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Table  3. 

Student  Responses  on  Selected  Statements  on  the  CASS 


Statement 

1 .  I  expect  to  have  little  use  for  computers  in  my  daily  life. 

2.  Learning  about  computers  is  worthwhile. 

3.  Learning  about  computes  is  a  waste  of  time. 

4.  ril  need  a  firm  mastery  of  computers  for  my  future  work. 

5.  Knowing  how  to  work  with  computers 
will  inaease  my  job  possibilities. 

6.  I  can't  think  of  any  way  that  I  will  use  computers  in  my  career. 

7.  Working  with  computers 

will  not  be  impwtant  to  me  in  my  life' s  work. 
n=172  


Strongly 

SUghtly 

SUghtly 

Strongly 

Agree 

Agree 

Disagree 

Disagree 

48.8% 

14.0% 

15.7% 

21.5% 

61.0% 

15.7% 

4.7% 

19.4% 

5.3% 

6.5% 

68.8% 

52.0% 

14.6% 

14.6% 

18.7% 

72.6% 

12.5% 

5.4% 

9.5% 

24.7% 

17.6% 

14.7% 

42.9% 

31.1% 

14.4% 

10.2% 

44.3% 

exposed  to  ways  in  which  computers  can  be  used  for 
higher  level  skills  such  as  the  analysis  of  information. 
This  assertion  is  further  supported  by  the  small  number  of 
reported  uses  of  computers  beyond  reaeation  and  word- 
processing. 

li  is  also  interesting  to  note  that  while  a  large  majority 
of  these  students  responded  that  learning  about  computers 
increases  job  opportunities,  many  fewer  students  sug- 
gested that  they  would  use  computers  in  their  careers. 
This  suggests  that  there  may  be  a  large  difference  in  the 
students'  perceptions  of  computer  use  for  "us"  versus  for 
**me."  Although  they  expect  that  computers  can  help 
others  they  do  not  perceive  that  they  will  be  personally 
helpful  to  them.  This  finding  also  supports  the  data  from 
Badagliacco  (1990),  who  found  in  her  non-computer 
group  a  relatively  high  rating  among  Hispanic  students  on 
how  useful  computer  experience  would  be  in  getting  a  job 
compared  with  the  rating  on  how  helpful  it  would  be  to 
them  in  their  line  of  work. 

Impliccrtions  for  Teocher  Educators 

These  findings  have  several  implications  for  teacher 
educators.  If  computer  equity  is  to  be  attamed,  then 
preservice  computer  instruction  must  not  only  give 
computer  skills  to  future  teachers,  but  it  must  also  include 
methods  for  modifying  the  attitudes  and  beliefs  of  LEP 
Hispanic  students.  Suggested  instructional  strategies 
include  the  following: 

1)  Using  role  models  to  show  students  the  relevance  of 
computer  knowledge  for  their  careers  (e.g.,  inviting 
Hispanic  iiidividuals  to  speak  to  the  students  or 
showing  films  or  videotapes  of  well-known  Hispanics 
who  use  computers  and  can  show  the  importance  of 
computers  in  most  professions); 

2)  Using  computers  in  ways  that  show  applications  to 
daily  life  (e.g.,  usefubess  in  problem  solving  and 
decision-making  processes  through  the  use  of  data- 


bases and  spreadsheets;  usefulness  for  aeating  things 
such  as  signs  or  banners  using  Print  Shop  or  another 
utility  program); 

3)  Using  cooperative  groups  during  students'  first 
experiences  in  using  computers  in  order  to  establish  a 
supportive  atmosphere  (It  is  important  that  the  groups 
use  true  cooperative  strategies  by  making  sure  that  all 
students  are  involved  in  the  total  group  process); 

4)  Using  Spanish-language  programs  to  improve  LEP 
Hispanic  students'  success  rate  in  overcoming 
language  difficulties.  While  there  are  a  limited  number 
of  programs  available  in  Spanish,  it  would  be  impor- 
tant to  have  Spanish  characters  available  for  word- 
processing,  databases,  etc.,  and  to  provide  instructions 
in  Spanish  for  some  of  the  programs  (e.g.  La 
Frabriqua,  Kid  Pix). 

Finally,  it  is  important  that  pre-  and  in-service 
teachers  be  made  aware  of  the  difficulties  that  second 
language  students  face,  the  factors  behind  their  historical 
under-representation  in  using  computers,  and  the  impor- 
tance in  a  democratic  society  of  facilitating  a  change  in 
their  students'  attitudes  about  the  relevance  of  learning  to 
use  computers. 
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F>r  over  thirty  years,  attempts  have  been  made  to 
utilize  computers  to  teach  or  enhance  the  acqnisi 
tion  of  a  second  language.  During  the  past  decade, 
much  of  this  effort  has  involved  the  use  of  personal 
computers  in  the  classroom.  For  the  most  part,  attempts  at 
Computer  Assisted  Language  Learning  (CALL)  have 
experienced  only  limited  successes,  generally  confined  to 
learning  the  rules  of  grammar  and  vocabulary  building. 
The  delimitations  to  success  are  due  both  to  the  nature  of 
the  constraints  presented  by  available  computing  environ- 
ments and  to  the  lack  of  an  efficacious  pedagogy  (Ahmad, 
Corbett,  Rogers  and  Sussex,  1985;  Young,  1988;  Smith, 
1989;  Dunkel,  1991;  Garrett.  1991). 

The  theories  and  instructional  approaches  to  second 
language  acquisition  have  been  subjected  to  debate  over 
their  content  and  objectives  m  a  similar  manner  as  CALL 
(Pennycock,  1989;  CJritmer,  1990;  Herschensohn,  1990). 
The  dominant  af^roaches  are  characterized  by  their 
emphasis  on  the  development  of  communicative  profi- 
ciency and  the  presentation  of  language  learning  experi- 
ences in  the  context  of  the  target  language  culture. 

The  Multimedia  Personal  Computer  (MPC)  will  allow 
students  to  be  engaged  m  real-time,  "interactive  dramati- 
zations." These  simulations  of  natural  language  learning 
experiences  will  be  designed  witii  a  sense  of  reality  tiiat 
has  never  existed  in  the  past  and  will  incorporate  essential 
elements  of  second  language  acquisition  theory.  MPC 
machines  will  feature  CPU's  wiUi  access  speed,  laser- 
mediated  data  stOTage  capabilities,  and  compression 
techniques  to  accommodate  digitization  of  video  and 
animation,  high  quality  audio  effects,  sophisticated  speech 
synthesis,  and  independent  speech  recognition.  All  of 
tiiese  functions  will  be  mtegrated  and  directed  by  artificial 
intelligence  to  correctly  respond  to  conver  itions  by  tiie 
student  through  natural  language  processic^g  (Underwood, 
1989). 

Students  will  be  presented  witii  reaeations  of  social 
situations  from  tiie  target  language  culture  tiiat  will 
coalesce  tiie  MPC*s  capabilities  to  create  a  sense  of 
realism  tiiat  evokes  reactions.  The  sequence  of  scenes  tiiat 
appear  and  tiie  conversational  responses  of  tiie  characters 
in  tiiem  will  be  immediate  consequences  to  tiie  student's 
discourse.  The  result  will  be  to  transport  tiie  student  to  a 
pseudo-reality  tiiat  will  encourage  language  learning  as  a 
function  of  tiie  illusory  experience. 

Computer  Assisted  Language  Learning  and 
Multimedia  Personal  Computers 

Computing  applications  are  extending  into  distinctly 
new  environments  almost  as  quickly  as  new  plaU'orms  and 
technologies  emerge.  Interactive  dramatizations  are  tiie 
ontogeny  of  the  evolution  of  electronic  instructional 
media  for  language  acquisition. 

Altiiough  tiie  use  of  wire  and  tape  audio  recordings, 
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film  strips,  video  tape,  video  discs,  and  computer-assisted 
instruction  (CAI)  may  not  have  met  expe<:tations  for 
improvement  of  student  performance  it  hjis  resulted  in  an 
accumulation  of  empirical  research  findings.  The  concept 
of  interactive  dramatization  capitalizes  on  observations 
derived  from  antecedent  instructional  media  experiences 
and  is  the  hybrid  of  two  approaches,  interactive  video  and 
simulations. 

Wyatt  (1989)  identified  three  CALL  categories  — 
instructional,  collaborative,  or  facultative  —  comprising 
fourteen  different  types  of  programs.  Instructional 
programs  were  characterized  as  presenting  language 
learning  information  in  a  predetermined  fashion.  Collabo- 
rative programs  were  not  predetermined  and  required 
students  to  draw  from  their  own  resources.  The  central 
issue  of  determinaticMi  is  control.  Predetermined  tutorials/ 
drills  reduce  the  student  to  a  passive  respondent.  Interac- 
tive programs  allow  the  student  to  influence  the  sequence 
of  events.  Lucas  (1992)  observed  that  in  interactive 
situations,  both  the  computer  and  the  learner  are  actively 
respondmg  to  information  and  adapting  to  responses.  The 
value  of  interactivity  becomes  especially  prominent  as  a 
function  of  simulations. 

An  integral  element  of  second  language  instructional 
theory  is  the  importance  of  the  context  of  the  learning 
experience.  Simulations,  attempts  to  involve  the  student 
in  recreations  of  meaningful  real-life  situations,  are 
commonly  employed  to  provide  contextual  reality  in 
language  learning  classroc»ns.  Simulations  range  in 
complexity  from  simple  dialogue  exchanges  to  elabo- 
rately designed  scenarios.  The  most  critical  feature  of  a 
simulation  is  the  extent  to  which  it  approximates  reality. 
The  student's  willingness  to  accept  the  illusion  as  a 
credible  reality  affects  the  likelihood  of  the  student 
attempting  to  engage  in  a  range  of  authentic  conversation 
tasks. 

The  synergism  from  the  application  of  the  capabilities 
of  the  computer  to  the  simulation  format  offers  a  potential 
for  language  learning  that  is  significantly  different  from 
that  which  is  available  in  existing  CALL  programs 
(Crookall,  Coleman  and  Versluis,  1990).  Simulations 
using  video  tape  or  video  disc  are  limited  by  their 
dependence  on  keyboards  or  touch  screens  rather  than 
natural  discourse  as  the  basis  for  the  interaction.  Students 
using  scripted  simulations  are  hampered  by  the  confines 
of  the  classroom  milieu  and  the  absence  of  native  speak- 
ers to  act  as  models.  The  virtue  of  the  MPC  based 
interactive  dramatization  is  that  it  will  combine  the  human 
interaction  of  classroom  simulations  with  visual  and  audio 
realism  in  a  controlled  lesson  that  is  dependent  on  the 
student's  responses.  In  interactive  dramatizations  students 
will  converse  as  active  participants  in  authentic  social 
situations  designed  around  specific  uses  of  the  target 
language.  The  consequence  of  the  student's  responses  will 


be  inmiediately  evident  to  the  student.  The  distinctions  in 
grammar,  semantics,  and  phonology  will  be  more 
meaningful  when  the  distinctions  become  the  basis  for  the 
enactment  of  scenes  different  from  those  anticipated  by 
the  student. 

The  dramatizations  will  supply  the  discourse  with  true 
contextual  relevance  and  meaning  by  accompanying  them 
with  behaviors  that  naturally  occur  in  the  target 
language's  culture.  Language  use  is  a  culture-bound 
experience  with  behavicMial  dynamics  "  and  operating 
realities"  that  can't  be  taught  in  a  classroom.  (Ruben  and 
Lederman,  1990).  Young  (1988)  points  out  that  learning 
the  rules  for  participating  in  conversations  can  only 
h^pen  through  actual  participation.  Simulations  can  be 
organized  to  elicit  "strategic  interactions"  that  purposely 
use  the  target  language  (Di  Pietro,  1987)  while  supplymg 
comprehensible  input  to  the  student  (Altman,  1989). 

Pedagogical  Considerations 

The  establishment  of  a  single,  acceptable,  comprehen- 
sive pedagogy  for  CALL  is  not  a  reas(xiable  expectation 
(Bialystok,  1990;  Hatch,  Shirai  and  Fantuzzi,  1990; 
Herschensohn,  1990).  The  four  basic  components  inherent 
to  CALL  are  the  student,  the  computer  platform,  learning 
theory,  and  language  acquisition  theory.  Evaluative 
research  identifying  the  mteractive  effects  of  the  compo- 
nents in  a  commonly  shared  language  learning  milieu 
should  be  the  basis  for  the  design  of  a  variety  of  effective 
approaches. 

Too  often  in  the  past,  students  were  perceived  as  an 
unitary  subject.  An  effective  understanding  of  students 
requires  an  examination  of  their  "user  requirements,'*  both 
in  an  academic  and  a  computing  sense.  Students  enter 
second  language  classes  at  different  ages,  displaying 
different  intellectual  abilities,  and  have  different  motiva- 
tions for  learning  a  new  language.  They  also  have 
different  literacy  skills  in  their  native  language  and 
cultural  values  that  may  vary.  In  additi(xi,  the  students 
have  different  experiences,  skills,  and  comfort  levels  with 
electronic  instructional  media.  If  the  lesson  is  to  be 
student  centered,  both  the  affective  and  cognitive  charac- 
teristics of  the  student  have  to  be  considered  as  the  focus 
for  the  lesson.  Lucas  (1992)  believes  that  >he  effective- 
ness of  interactivity  results  from  matching  the  desired 
learning  outcomes  with  the  learner's  abilities. 

An  array  of  linguistic  phenomena  have  to  be  consoli- 
dated into  an  approach  that  lends  itself  to  instructional 
applications  that  are  appropriate  to  the  functi(xis  of  the 
multimedia  personal  computer.  This  approach  cannot  be 
designed  to  merely  utilize  the  computing  conditions,  it 
must  demonstrably  enhance  the  acquisition  of  the  second 
language.  There  is  a  tendency  to  be  overly  concerned  with 
the  technical  features  (bells  and  whistles)  of  the  computer 
at  the  expense  of  the  software  program.  Hannafin, 
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Garhart,  Rieber  and  Phillips  (1985)  have  cautioned 
against  allowing  the  focus  of  the  design  to  be  on  the 
electronic  media's  capabilities  rather  than  on  instniction. 
The  instructional  design  should,  nevertheless,  consider 
how  to  derive  the  maximum  benefits  of  the  capabilitiCvS  to 
augment  the  instructional  experience.  Under  what 
conditions  are  the  characteristics  of  the  computer/software 
the  most  effective  means  of  instruction?  What  are  the 
curricular  objectives  and  learning  circumstances  best 
suited  for  a  specific  implementation?  Are  the  hypotheses 
associated  with  the  design  of  the  program  valid  and  are 
they  incorporated  into  the  lesson's  methodology? 

The  number  of  prominent  and  conuadictory  language 
acquisition  theories,  and  the  centuries-old  debate  about 
their  relative  merits,  reflects  the  complexities  and  myster- 
ies of  the  task.  However,  a  communicative  approach  that 
prepares  the  learner  for  real  world  experiences  appears  to 
have  the  most  support  for  use  in  second  language  instruc- 
tion. Interactive  dramatizations  will  encompass  the  basic 
tenets  of  the  communicative  approach:  use  of  the  target 
language  in  a  cultural  context,  meaningful  input,  active 
involvement  of  the  learner,  and  the  freedom  to  safely 
make  mistakes.  Personal  involvement  in  the  dramatiza- 
tions should  create  the  social  and  affective  characteristics 
that  contribute  to  the  learner's  "psychological  proximity" 
to  the  target  language  (Harley,  1986). 

Using  multimedia  to  approximate  interactive  conver- 
sations in  the  natural  setting  of  the  target  language— real 
human  activities  and  events — can  provide  students  with 
comprehensible  input  in  a  way  that  is  interesting  and 
motivates  the  student  to  communicate.  Yet,  unlike  the 
natural  experiences,  the  dramatizations  can  be  designed  to 
intentionally  accommodate  language  acquisition  theory 
and  cognitive  learning  theory  involving  analytic  pro- 
cesses, resuiicturing,  and  the  consolidation  of  learning 
that  leads  to  mastery  (Shulz,  1991). 

The  acquisition  of  communicative  proficiency  is  more 
likely  if  the  student  is  presented  with  an  implicit  approach 
including  authentic  oral  language  modeling  and  a  visual 
cultural  context  The  presentation  of  basic  language 
problems  embedded  in  the  dramatizations  in  a  systematic 
v/ay  will  encourage  inductive  language  learning  (Titone, 
1984).  The  frequency  or  exposure  to  relevant  structures 
and  opportunities  for  meaningful  practice  of  specific 
factors  (Harley,1986)  can  be  controlled.  The  characters  of 
the  dramatizations  can  furnish  implicit  correction  to  the 
learner,  decrease  the  anxiety  normally  associated  with 
explicit  correction,  and  elicit  further  attempts  at  speech 
and  the  elaboration  of  thoughts  in  the  target  language, 

Schuman  (1978)  believes  that  "pidginization", 
reduced  or  simplified  speech,  occurs  as  the  result  of 
reduced  contact  with  native  speakers.  Hammeriy  has 
expressed  similar  observations  about  classroom  immer- 
sion programs  (1989).  His  concern  is  that  the  immersion 


classroom,  with  only  the  teacher  as  a  native  speaker,  is 
not  a  sociolinguistically  natural  environment.  He  further 
indicates  that  discussions  with  other  non-speakers  can 
lead  to  minimal  mastery  of  the  target  language  once  the 
students  become  successful  in  communicating  to  each 
other  with  minimal  proficiency.  Both  concerns  are  related 
to  the  fossilization  of  speech  skills  in  the  second  language 
that  is  observed  in  older  non-native  speakers  without 
formal  instruction.  Interactive  dramatizations  have  to  be 
designed  with  increasing  levels  of  demand  for  linguistic 
complexity  ^propriate  to  the  student's  needs  and  abilities 
and  inaeasing  rates  of  speed  for  the  conversations. 
The  multimedia  personal  computer  will  present 
processing  capabiliUes,  beyond  the  dramatizations,  that 
will  increase  the  value  of  the  lesson.  Discourse  analysis  of 
the  grammar— syntactic,  semantic,  and  sociolinguistic 
skills  that  the  stu  '^int  employs  in  the  dramatizations  can 
be  used  to  insure  that  the  comprehensibility  of  the 
computer  generated  speech  is  appropriate  lo  the  develop- 
ment of  the  student.  In  addition,  the  types  of  language 
learning  strategies  that  the  student  attempts  to  use, 
including  their  s(phistication  and  success  rates,  can  be 
provided  for  the  teacher.  This  information  can  be  used  to 
record  progress  and  make  decisions  about  specific 
objectives  of  future  lessons. 

Although  grammar  translation  is  no  longer  the 
primary  objective  for  second  language  acquisition, 
directed  grammar  instruction  and  practice  is  still  needed 
to  explain  communication  and  provide  a  framework  for 
future  acquisitions.  A  classroom  syllabus  for  fomfial 
grammar  instruction  to  accompany  the  interactive 
dramatizations  must  be  available  to  the  teacher  and  the 
student. 

Conclusion 

There  is  an  immediate  need  for  formal  evaluative 
research  of  the  effects  of  computer  assisted  language 
learning  that  is  based  on  emerging  multimedia  personal 
computers.  Researchers  should  deteraiine  what  aspects  of 
instructional  media  enhance  the  acquisition  of  a  second 
language  and  under  what  conditions  is  it  most  effective  in 
doing  so.  Earlier  and  existing  attempts  in  CALL  have 
clearly  demonstrated  that  without  an  efficacious  model 
for  the  design  of  software,  the  benefits  of  the  instructional 
experience  are  often  specious.  The  capabilities  of  the 
multimedia  personal  computer  that  will  be  conunonly 
available  before  the  end  of  the  decade  will  rival  what  had 
been  mainframe  technology  and  make  large  scale  lan- 
guage learning  programs  like  the  Athena  Project 
(Morgenstem,  1986)  available  on  the  classroom  desk. 

A  pedagogy  based  on  the  applicability  of  validated 
hypotheses  from  learning  theory  and  second  language 
acquisition  theory  should  be  the  basis  for  the  design  of 
language  learning  programs  for  the  multimedia  personal 
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computer.  The  assumptions  and  conditions  of  the  program 
need  to  be  verified  and  applied  to  instructional  strategies 
that  have  been  proven  to  be  successful  in  language 
learning.  A  reliable  assessment  of  the  student's  affective 
and  cognitive  characteristics  needs  to  be  incorporated  into 
the  programs  to  provide  individualized  direction  to  the 
learning  experience. 
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urban  teacher  preparation 
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Those  who  cannot  remember  the  past  are 
condemned  to  repeat  it. 

—George  Santayana,  1905 

The  preparation  of  teachers  is  arguably  one  of  the 
most  important  responsibilities  of  a  society.  If  we 
teach  our  teachers  well,  they,  in  turn,  will  teach 
our  children  well.  In  this  way  a  mechanism  is  established 
whereby  a  society  can  grow  and  advance.  An  understand  - 
ing of  the  historical,  philosophical,  psychological,  and 
social  foundations  of  education  has  traditionally  been 
essential  to  this  preparation  (Shuhnan,  1990).  Without 
this  understanding  other  components  of  teacher  prepara- 
tion such  as  methodology  or  technology  do  not  have  a 
focus  ot  purpose.  To  develop  an  understanding  of 
educational  foundations,  however,  teacher  educatcx-s  must 
rely  on  methodology  and  technology  to  be  effective.  In 
sum,  educational  foundations,  methodology,  and  technol- 
ogy should  be  dependent  upon  and  integrated  with  one 
another  in  a  teacher  preparation  program. 

llie  purpose  of  this  paper  is  to  examine  the  use  of 
modem  methodology  and  technology  in  teaching  social 
foundations  in  an  undergraduate  teacher  preparation 
program.  Specifically,  this  paper  presents  the  use  of  *The 
Five  Points:  A  Multimedia  Experience  in  Social  History" 
to  teach  social  issues  and  group  conflict  in  Hunter 
College's  QUEST  (Quality  Urban  Elementary  Student 
Teachers)  program.  "The  Five  Points..."  re-purposed  a 
highly-acclaimed  videotape  produced  by  the  American 
Social  History  Project  of  the  City  University  of  New 
York.  The  original  videotape  was  designed  to  teach  social 
history  which  focuses  on  the  lives  of  ordinary  citizens  and 
common  folk  more  so  than  on  presidents,  world  leaders, 
and  kings  or  queens.  The  new  program  is  videodisk-based 
and  utilizes  an  IBM  PS/2-70  microccnnputer  and  a 
Pioneer  LD-8000  laser  disc  player.  The  software  is 
Asymetrix's  Toolbook  authmng  language  with  the 
Multimedia  Extensions.  It  is  hoped  that  the  descripUon 
provided  here  will  be  useful  to  others  planning  or  devel- 
oping similar  multimedia  materials. 

Social  Foundaiiorw  and  tho  Urban  Environment 

Educational  foundations  is  usually  integrated  into  a 
teacher  preparation  progi*am  to  provide  some  of  the 
history,  philosophy,  psychology,  and  sociology  which 
undergirds  education.  In  an  urban  teacher  preparation 
program  the  development  of  an  understanding  of  major 
social  themes  such  as  minority  issues,  stereotyping,  and 
group  conflict  are  particularly  critical  to  the  teaching  of 
educational  foundations.  These  issues  are  as  significant  in 
American  cities  today  as  they  have  been  for  the  past  two 
hundred  years. 

In  developing  an  understanding  of  these  themes, 
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future  teaches  must  also  come  to  understand  tbeu  own 
attitudes  and  sensitivities  about  other  social  groups.  In 
New  York  City,  as  in  many  other  American  urban  areas,  a 
new  wave  of  immigration  is  r^idly  changing  and  creating 
a  dynamic  social  make*up  which  govenunental  leaders 
such  as  David  Dinldns  and  Mario  Cuomo  refer  to  as  the 
"gorgeous  mosaic."  To  be  successful,  teachers  in  urban 
America  have  to  be  sensitive  to  the  social  needs  of  all 
children  regardless  of  color,  language,  religion,  or 
customs. 

The  development  of  "The  Five  Points..."  was  designed 
to  help  future  teachers  develop  an  understanding  of,  and 
serisitivity  to,  the  multicultural  social  needs  which  exist  in 
today's  classrooms.  To  accomplish  this,  an  obscure  event 
which  occurred  on  July  4th,  1857,  is  used  as  a  case  study 
in  group  conflict.  The  event  involves  a  riot  which  killed 
twelve  people  and  injured  hundreds.  It  involved  Irish 
Catholics,  who  at  the  time  were  New  York  City's  largest 
minority  group,  several  street  gangs,  and  the  newly- 
formed  Metropolitan  Police  Force.  The  three  major 
learning  objectives  of  "The  Five  Points..."  are: 

•  to  motivate  students  to  be  sensitive  to  and  considerate 
of  minority  group  issues  and  how  they  can  contribute 
to  conflict; 

•  to  inform  students  of  the  historical  nature  of  group 
conflict  as  a  complex  interaction  of  social, 
political,economic,  and  cultural  fwces; 

•  to  involve  students  in  an  activity  wherein  they  can 
explore  and  develop  their  own  ideas  and  opinions  of 
social  group  conflict  and  its  causes. 

These  are  sensitive  issues  in  American  society  and,  at 
times,  difficult  to  discuss.  However,  they  cannot  be 
ignored  and  as  educators  we  need  to  develop  methods  and 
approaches  for  discussing  and  teaching  about  them. 

Conceptual  Design  and  Pedagogy 

The  original  "Five  Points"  videot^  was  designed  to 
be  used  as  a  sequential,  structured  activity.  An  instructor 
would  show  the  tape  and  stimulate  discussion  as  impor- 
tant segments  were  shown.  The  videodisk-based  version 
was  designed  to  be  an  unstructured,  discovery  learning 
activity  which  would  be  appropriate  for  use  by  individuals 
or  small  groups.  The  concept  of  discovery  learning  is  not 
new  and  is  based  in  part  on  Jean  Piaget's  theories  of 
experiential  learning.  Applying  discovery  learning  to 
technology,  likewise,  is  not  new.  Seymour  P^rt  (1980), 
among  others,  used  it  as  the  conceptual  basis  for  the 
popular  Logo  program  which  is  usei  in  thousands  of 
public  schools  across  the  country. 

Critical  to  a  successful  discovery  learning  activity  is 


the  need  to  develop  student  interest  and  curiosity  so  that 
they  want  to  leam  and  "find  out"  about  a  subject  Discov- 
ery learning  should  also  allow  students  to  exp^i^ce  a 
subject.  In  laboratory  sciences  such  as  physics,  chemistry, 
and  biology  the  concept  of  discovery  and  experiential 
learning  is  integral  to  the  entire  study  of  these  subjects.  A 
classic  project  in  physics  might  involve  having  students 
build  a  miniature  vehicle  which  can  travel  a  certain 
distance  under  its  own  power.  In  buUding  their  vehicles, 
students  leam  about  the  physical  properties  of  materials 
such  as  metals,  wood,  or  plastics.  In  developing  a  power 
source,  students  might  leam  about  solar  energy  and 
friction.  The  completed  vehicle  represents  the  "fmished 
product**  of  a  whole  series  of  learning  activities.  In 
teaching  about  an  historical  event,  similar  concepts  of 
discovery  and  experiencing  can  also  be  applied. 

Teachers  of  history  and  the  social  sciences  tend  to  rely 
extensively  on  text  and  the  written  word.  However,  video 
technology  can  allow  students  to  go  beyond  reading  and 
writing.  "The  Five  Points.. "  was  designed  to  have 
students  become  involved  with  and  experience  an 
historical  event.  To  do  this,  students  become  reporters  for 
the  New  Y(M"k  Daily  Tribune.  The  date  is  July  6, 1857  and 
their  assignment  is  to  write  a  feature  article  on  the  real 
causes  of  the  riots  which  had  occurred  on  the  previous 
weekend.  To  complete  their  assignment,  students  can  hear 
eyewitness  accounts,  see  photographs  and  sketches  of  the 
events,  keep  a  notebook,  visit  an  archive  room,  and  write 
their  article  within  *The  Five  Points..."  program.  Just  as 
the  finished  vehicle  represents  a  culmination  of  learning 
activities  for  the  physics  students,  the  completed  article 
represents  the  same  for  our  reporters.  However,  the  hope 
is  that  by  seeing,  listening,  and  reading  the  students  have 
become  involved  with  the  event  and  its  component 
parts — especially  the  people  and  societal  issues.  In 
keeping  with  the  principles  of  discovery  learning,  students 
also  have  choices  as  to  what  they  see,  hear,  or  read.  They 
can  also  pursue  several  themes  for  their  articles. 

*The  Five  Points..."  is  also  designed  to  keep  students 
interested  by  appealing  to  several  senses.  In  addition  to 
reading  and  writing  activities,  the  program  provides 
sketches  and  photographs  which  are  colorful  and  interest- 
ing. The  dialogue  of  the  eyewitnesses  is  provocative  and 
spoken  with  accents  and  in  street  language  appropriate  for 
the  period.  Background  music  is  used  to  set  a  mood. 
College  students  of  the  1990s  have  been  inundated  with 
images  and  sounds  from  television  and  music  videos  for 
most  of  their  lives.  They  relate  well  to  this  mode  of 
receiving  and  collecting  information.  The  designers  of 
"The  Five  Points...'*  subscribe  to  an  approach  which 
posits  that  educators  at  all  levels  should  probably  be 
making  greater  use  of  multi-sensory  techniques  for 
delivering  instruction. 

It  should  be  emphasized,  as  a  final  comment,  that 
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The  Five  Points../'  program  was  meant  to  go  beyond  the 
basic  database  and  simpler  tool  uses  of  multimedia 
technology  which  are  becoming  prevalent.  To  a  degree, 
the  program  was  designed  to  be  closely  integrated  with 
teaching  and  learning  and  to  provide  a  mechanism 
wherein  students  can  beccxne  interested  in,  involved  with, 
and  motivated  to  learn  about  a  topic  on  their  own. 

Description  of  the  Program 

*The  Five  Points..."  uses  twenty-five  minutes  of  video 
from  the  original  videotape  program.  Approximately  one 
hundred  additional  photographs  and  sketches  were 
included  to  fill  thirty  minutes  or  one  side  of  a  videodisk. 
The  program  also  provides  a  variety  of  source  materials 
such  as  maps,  charts,  and  documents  which  are  stored  on 
magnetic  disk.  The  program  is  organized  into  five  major 
ccMnponents: 

1.  an  introduction  to  the  program; 

2.  eyewitness  accounts; 

3.  an  archive  room; 

4.  draft  of  article; 

5.  relating  student  interj^etations  to  the  present. 

Each  of  these  components  plays  an  important  role  in 
achieving  the  program's  learning  objectives. 

Introduction  to  the  Program 

The  introduction  is  specifically  designed  to  arouse 
curiosity  and  interest  in  the  topic.  A  series  of  nine  "tease" 
clips  of  approximately  seven  to  nine  seconds  in  length  are 
shown  that  describe  the  "mayhem"  which  occurred  on 
July  4th  in  "our  heaven-  blessed"  city.  A  quote  from 
Charles  Dickens  also  is  part  of  the  opening  segment 
which  refers  to  the  Five  Points  as  "loathsome,  drooping, 
and  decayed."  The  introduction  can  be  compared  to  the 
first  chapter  of  a  mystery  novel.  It  attempts  to  arouse  the 
reader's  interest  enough  to  want  to  know  more  about  what 
happens  or  "who  done  it?" 

Following  the  tease  clips,  an  actual  reproduction  of  a 
headline  from  the  New  York  Daily  Tribune  on  July  6, 
1857  is  shown.  This  further  describes  the  riot  in  the 
'^notorious"  Five  Points  section  of  the  city.  "Twelve 
People  Killed"  reads  the  headline.  The  accompanying 
article  attributes  the  riot  to  the  reaction  of  Irish  Catholics 
to  the  State's  recently  enacted  Liquor  Excise  Law  which, 
among  other  things,  closed  the  "saloons"  on  Sundays. 
Among  other  things,  this  headline  represents  the  stereo- 
typing of  Irish  Catholics  as  drinkers  which  was  prevalent 
in  the  1850s. 

The  introduction  concludes  by  asking  the  student  to 
take  on  the  role  of  a  reporter  who  has  to  write  a  feature 
article  on  the  "real  causes"  of  the  riot.  At  the  reporter's 
disposal  are  a  list  of  eyewimesses,  the  newspaper's 


archive  room,  and  a  notebook. 

Eyewitness  Accounts 

The  eyewimesses  to  the  riot  are  the  Mulvahills,  Tom 
McKivigan,  and  the  Reverend  Louis  Pease.  Initially,  the 
student  reporter  can  access  only  five  clip  buttons,  all  of 
which  comment  specifically  on  the  riot  but  also  provide 
hints  of  other  issues  such  as  politics,  culture,  and  overall 
social  conditions.  These  clips  can  be  accessed  in  any 
order  and  can  be  played  repeatedly.  The  reporter  can  also 
send  a  message  to  the  editor-in-chief  of  the  newspaper 
indicating  that  the  eyewimesses  have  been  interviewed 
and  that  he  or  she  is  ready  to  write  the  article.  Because  the 
story  of  the  riot  is  "heating  up,"  the  editor  suggests  that 
the  eyewitnesses  be  intemewed  again. 

At  this  point,  twelve  more  clip  buttons,  apfH-oximately 
thirty  seconds  to  four  minutes  in  length,  are  made 
available.  In  these  chps,  the  eyewitnesses  describe  living 
conditions  in  the  Five  Points.  The  Mulvahills  are  Irish 
Catholics  who  are  trying  to  make  a  life  for  themselves. 
Tom  McKivigan  is  a  volunteer  fireman  who  knows  the 
importance  of  helping  local  ward  lx)sses  at  election  time. 
Tbe  Reverend  Pease  is  a  Protestant  minister  and  social 
reformer  who  runs  a  mission  in  the  neighborhood  and 
sees  the  sad  conditions  of  abandoned  children,  prostitu- 
tion, and  too  much  liquor  "coursing  through  the  Points." 

After  viewing  these  clips  three  more  clip  buttons, 
described  as  "Off  the  Record"  conunents,  are  made 
available.  In  these  clips,  several  eyewitnesses  make 
informal  comments  about  other  eyewitnesses.  This 
confronts  suidents  with  the  conflicting  nature  of  different 
perspectives. 

The  Arctiive  Room 

An  important  feature  of  the  multimedia  program  that 
was  not  available  in  the  original  videotape  is  the  archive 
room.  This  room  is  a  Toolbook  page  that  depicts  a 
reference  room  or  office  from  the  1850s.  Old-fashioned 
desks,  oil  lamps,  and  a  grandfather's  clock  reinforce  the 
pseudo-reality  that  the  reporter  is  in  1857.  The  archive 
room  provides  a  series  of  doors;  drawers;and,  books 
labeled  Source  Documents,  Maps,  Charts,  Dictionary, 
Who's  Who,  and  Editor's  Memoranda.  Within  each  of 
these  is  a  list  of  Toolbook  hot  words  which  can  be 
activated  to  provide  mostly  text  information  on  the  topic. 

The  archive  room  adds  significantly  to  the  multimedia 
program  for  several  reasons.  First,  it  provides  a  change  of 
pace  from  the  narration  and  video  material  and  helps  the 
student  reflect  on  what  he  or  she  has  heard  from  the 
eyewimesses.  Second,  it  provides  the  student  with  a 
research  experience.  They  can  explore  or  discover  the 
meaning  of  new  words  and  places  as  well  as  verify 
information  they  are  receiving  from  Uie  eyewimesses. 
Third,  as  stimulating  as  video  and  audio  material  can  be. 
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the  archive  room  reinforces  the  importance  of  text, 
statistical  tables,  and  other  material  that  rje  meant  to  be 
read. 

Draft  Of  Article 

The  benefits  of  a  written  exercise  cannot  be  overstated 
if  one  wants  to  understand  attitudes  to  sensitive  subjects. 
In  addition  to  a  teacher  learning  about  students'  attitudes, 
the  students,  as  they  put  their  thoughts  to  paper,  can  come 
to  examine  their  own  attitudes.  As  an  (q)en-ended 
exercise,  writing  also  provides  students  with  the  opportu- 
nity to  explore  and  consider  various  possibilities. 

The  program  provides  two  separate  features  to  help 
the  reporter  develop  their  article.  A  Toolbook  text  field 
which  can  be  accessed  at  anytime  during  the  program 
functions  as  the  reporter's  notebook.  Although  the 
program  cwiginally  provided  "cut  and  paste'  features 
common  in  many  authoring  languages  a  decision  was 
made  to  require  reporters  to  compose  their  own  notes.  The 
rationale  here  was  that  this  would  slow  down  the  activity 
and  provide  opportunities  for  students  to  reflect  on  the 
material.  It  would  also  yield  more  insight  into  a  student's 
thoughts.  A  second  Toolbook  text  field  on  a  separate  page 
functions  as  draft  paper  for  writing  the  article.  To  gain 
access  to  the  "Draft  of  Article"  page  a  reporter  must  view 
at  least  seventeen  of  the  twenty  clips.  If  the  student 
attempts  to  draft  the  article  prior  to  viewing  seventeen 
clips,  the  editor-in-chief  sends  a  friendly  message  to 
collect  more  information.  While  the  article  represents  the 
reporter's  final  assessment  of  the  causes  of  the  riot, 
comments  in  the  notebook  are  helpful  in  understanding  a 
student's  thinking  and  initial  reactions  to  the  subject 
matter. 

Relating  Material  to  the  Present 

After  completing  the  article,  the  student  is  brought 
back  to  1990s  and  asked  to  discuss  with  other  students 
what  he  or  she  has  learned  in  relation  to  current  events. 
They  are  asked  to  consider  recent  events  such  as  the 
boycott  of  Kcwean  food  stores  in  Brooklyn  in  1991  and 
the  Los  Angeles  riots  of  1992.  These  are  excellent  topics 
for  group  discussions  and  provide  opportunities  for 
students  to  express  their  views  as  well  as  to  hear  the 
views  of  their  fellow  students  on  sensitive  topics  such  as 
race,  rehgion,  poverty,  and  ethnicity.  The  objective  is  for 
students  to  begin  to  understand  group  conflict  as  a 
recurring  historical  theme  which  has  permeated  the 
American  urban  experience. 

Evaluation 

The  evaluation  of  insuuctional  software  lends  itself  to 
a  methodology  that  relies  on  dissemination  and  feedback 
as  the  software  is  developed.  In  this  project,  as  the 
software  was  being  developed  portions  were  viewed  and 


feedback  solicited.  Based  on  the  feedback,  modifications 
were  made.  The  advantages  of  this  developmental 
evaluation  model  over  a  traditional  experimental  model  is 
that  it  is  conducive  to  the  development  of  quality  instruc- 
tional software  (Willis,  1991;  Dick  and  Carey,  1985; 
Thiagaran,  Semmel,  and  Semmel,  1974). 

During  the  development  of  the  program  progress 
demonstrations  were  made  locally  with  representatives 
from  IBM,  the  CUNY  Office  of  Academic  Computing, 
faculty  from  other  CUNY  institutions.  Bank  Street 
College,  Columbia  University,  and  New  Yoric  University, 
Observing  students  using  ihe  program  also  provided 
valuable  feedback.  In  general,  students  liked  using  it  very 
much.  As  education  majors,  they  especially  appreciated 
seeing  another  format  for  delivering  instruction.  In  one 
discussion  with  students,  while  they  were  positive  about 
the  program,  the  consensus  was  that  multimedia  should  be 
used  in  conjunction  with  other  teaching  activities  and 
should  not  be  the  sole  method  of  delivering  instruction.  At 
the  time  of  this  writing  a  follow-up  grant  proposal  was 
being  reviewed.  The  intent  of  the  proposal  is  to  conduct 
more  extensive  evaluation  at  LaGuardia  Conununity 
College  in  New  York  City.  Faculty  at  LaGuardia  Commu- 
nity College  have  been  using  the  original  videotape 
program  in  several  of  their  introductory  social  sci'^nce 
courses. 

Conclusion 

In  this  article  the  primary  emphasis  was  placed  on  the 
conceptual  and  pedagogical  design  of  a  multimedia 
program.  While  motion,  color,  and  music  can  stimulate 
interest  design  techniques  that  arouse  curiosity,  involve 
students,  and  build  a  desire  to  learn  have  been  found  to  be 
more  important.  In  the  long  run,  these  techniques  are 
universal  to  all  teaching  and  learning  and  will  surely 
outlast  the  hardware  and  software. 

A  second  goal  of  this  paper  was  to  demonstrate  that 
educational  foundations,  methodology,  and  technology 
can  be  integrated.  While  either  one  separately  is  impor- 
tant, their  integration  provides  a  very  effective  instruc- 
tional example  for  future  teachers. 

Lastly,  the  designers  of  "The  Five  Points..."  consider 
the  finished  product  a  good  model  for  similar  multimedia 
projects,  especially  those  dealing  with  social  science 
subject  matter.  Designing  and  developing  the  program  has 
proven  to  be  a  worthwhile  and  stimulatmg  exercise.  Such 
a  project  is  highly  recommended  for  the  challenge  it 
provides  faculty  in  working  with  new  technology  and 
perhaps,  more  impcrtantly,  for  exploring  different 
pedagogical  approaches. 
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The  infoimation  explosion  of  the  last  decade  has  had 
a  dramatic  impact  on  library  holdings,  on  elemen 
tary  and  secondary  textbooks,  and  on  curriculum 
decision  makers  at  all  instructional  levels.  Libraries  are 
struggling  to  update  and  increase  their  holdings  as  printed 
materials  are  increasing  at  a  geometric  rate.  Networking, 
laser  disc,  fax  machines,  and  interactive  technology  are 
being  used  to  meet  the  challenges  of  the  decade  and  of  the 
21st  Century,  Textbooks  used  in  elementary  and  second- 
ary schools  are  being  revised  and  rewritten  in  response  to 
criticism  of  educators  and  the  media  as  answers  to 
educational  problems  are  sought  Teachers,  school 
admiiiistrators,  and  the  tax  paying  public  are  questioning 
whether  the  curriculum  and  instructional  materials  which 
arc  in  use  in  elementary  and  secondary  schools  really 
meet  the  challenges  of  post-industrial  age. 

Tyson-Bernstein  (1988)  and  Woodward  (1987)  cited 
several  reasons  why  student  textbooks  are  limited  in 
value.  Among  them  are:  1)  attempting  to  cover  too  many 
topics  resulting  in  each  being  covered  superficially,  2) 
over  condensing  of  subject  matter,  3)  a  style  of  writing 
that  is  uninteresting  and  fails  to  pjovide  a  meaningful 
context  for  the  information  presented,  4)  presenting 
limited  information  about  minorities  and  women,  and  5) 
including  pictures  and  graphics  which  are  either  unrelated 
to  the  text  or  have  so  little  explanation  that  they  add  little 
or  nothing  to  the  reader's  understanding  of  the  text. 

Britton,  Van  Dusen,  Gulgo2»  and  Glynn  (1989)  and 
Duffy,  Higgins,  and  Mehlenbacher  (198V;  found  that  texts 
in  which  the  writer  emphasized  coherence  and  structure 
and  identified  key  ideas  seemed  to  insure  more  learning 
and  student  enjoyment.  Organization  and  content  repre- 
sentation are  significant  factors  in  updating  both  methods 
of  teaching  and  textbooks  used  in  social  studies. 

Assuming  that  state  of  the  art  technology  used  with 
textbooks  and  curriculum  mandates  will  inaease  interest, 
give  another  mode  of  learning  the  content,  and  provide 
another  way  teachers  can  address  individual  differences, 
studies  of  computer  use  by  social  studies  teachers  were 
reviewed.  Ehman  and  Glenn  (1987)  reported  that  comput- 
ers were  little  used  by  social  studies  teachers  at  that  tune. 
They  cited  the  lack  of  training,  limited  availability  of 
software,  and  lack  of  computers  in  social  studies  class- 
rooms as  the  reasons.  In  a  later  study  of  social  studies 
teachers,  Goodspeed  (1988)  found  that  although  the 
respondents  believed  that  computers  have  value  when 
used  in  the  classroom  they  felt  that  training  in  the  use  of 
computers  and  technology  in  the  classroom  was  a 
necessity  if  use  were  to  increase.  Not  only  do  teachers 
need  to  become  comfortable  with  computers  as  teaching 
tools  but  they  also  need  to  recognize  the  powerful 
influence  that  interactive  multimedia  can  have  on  teach- 
ing and  learning.  As  Falk  and  Carlson  (1991)  note, 
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interactive  multimedia  provides  a  powerful  new 
educational  tool  that  can  greatly  enhance  teaching 
and  learning.  Research  and  experience  indicates  that 
use  of  multimedia  leads  to  enhanced  learning  on 
criteria  such  as  acquisition  of  content,  development  of 
skills,  efficiency  of  learning  and  satisfaction  with 
instruction  (  p.  12), 

Falk  and  Carlson  also  report  that,  to  date,  very  few 
schools  are  using  interactive  media  approaches  in 
instructicffi  and  that  teachers  must  learn  how  to  use 
instructional  technology  effectively. 

Faculty  of  the  College  of  Education  of  the  University 
of  Southwestern  Louisiana  have  been  working  on  a  model 
which  can  be  used  to  help  elementary  and  secondary 
teachers  use  interactive  video  and  multimedia.  The  model 
is  an  interactive  video  enhancement  model  which  can  be 
used  with  state  and  district  approved  grade  level  text- 
books. In  addition,  since  many  school  systems  only 
provide  a  limited  number  of  computers  per  classroom,  or 
limited  access  to  computers,  teaching  teachers  how  to  use 
an  interactive  media  projection  station  for  whole  class 
instruction  was  thought  to  be  the  most  valuable  skill  to 
work  on. 

Planning  was  done  in  several  stages.  First,  elementary 
social  studies  textbooks  were  reviewed  to  select  possible 
demonstration  units  that  could  be  used  in  preservice  and 
graduate  level  methods  classes.  After  several  topics  were 
selected  a  study  of  video  laser  discs  was  made  to  deter- 
mine availability;  local  library  holdings  were  surveyed  to 
determme  the  availability  of  related  children's  books;  and, 
collections  of  video  tapes  and  films  were  reviewed. 
Specific  topics,  for  which  relevant  additional  materials 
were  available,  were  then  identified.  Because  the  model 
being  developed  was  intended  to  help  teachers  move  from 
their  familiar  teaching  mode  into  one  where  interactive 
technology  would  be  equal  to,  or  greater  than,  the  use  of  a 
text  our  next  step  centered  around  building  a  graphic 
organizer  which  would  identify  tlie  major  concepts 
presented  in  the  text.  Following  this,  the  selected  video 
laser  disc  was  viewed  to  identify  major  concepts  pre- 
sented and  to  identify  those  which  would  enhance  the 
student  textbook  presentation  through  elaboration  and/or 
introduction  of  additional  concepts.  Frames  from  the  laser 
disc  were  selected  and  the  numbers  of  the  frames  added  to 
the  graphic  organizer  of  the  social  studies  text.  As  the 
graphic  organizer  of  the  student  textbook  and  the  video 
laser  disc  were  examined  attention  was  directed  to 
additional  areas  which  needed  to  be  expanded,  explained, 
or  studied  by  the  elementary  student.  Appropriate  video 
tapes  were  viewed  to  see  how  they  could  be  used  in  the 
video-enhanced  teacher-directed  mstructional  lesson.  The 
electronic  encyclopedia  was  checked  to  supplement 
concepts  included  in  the  text  but  not  apparent  on  the  laser 


disc  and/or  die  video  tape.  We  found  that  cultural  aspects 
of  the  topic — ^including  art,  music,  dance,  and  sports — 
were  covered  in  detail  in  the  encyclopedia.  In  addition, 
children's  books  were  selected  which  could  be  used  to 
enrich  the  topic  and  encourage  independent  reading. 

After  the  selection  of  material  was  completed  a 
HyperCard  stack  was  developed.  It  was  structured  to 
accesses  the  various  frames  of  the  video  tapes  and  video 
laser  disc  which  correlated  with  the  categories  and/or 
concepts  to  be  emphasized  in  the  unit  of  work.  The  stack 
included  objectives  for  the  lesson  and  student  assign- 
ments. Some  objectives  were  those  suggested  in  the 
teacher's  manual  and  others  were  based  on  the  selected 
multimedia  technology.  Questions  designed  to  elicit 
higher  order  thinking  skills  were  also  mcluded.  Suggested 
enrichment  activities  completed  the  stack. 

The  HyperCard  stack  using  multimedia  technology  to 
supplement  the  student  textbook  is  primarily  designed  to 
help  teachers  use  multimedia  projection  stations  during 
teacher  directed  lessons.  However,  HyperCard  stacks, 
with  minimum  adjustment,  can  also  be  used  for  indepen- 
dent and  small  group  work  including  exploration, 
comparative  studies,  and  individualized  problem  solving. 
This  is  particularly  true  if  the  classroom  is  equipped  with 
individual  leammg  multimedia  projection  staticms  with 
smaller  monitors. 

A  full  paper  including  a  completed  lesson  plan  from  a  unit 
on  Japan  is  available  from  the  authors,  A  sample  of  the 
HyperCard  stack  for  use  with  the  Japan  unit  will  also  be 
copied  if  a  disk  is  provided. 
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The  Republic  of  South  Africa  is  und^going  a 
radical  upheaval  in  the  structure  of  its  scxial  and 
educational  systems.  Although  ^artheid  has  been 
"abolished**  at  the  official  level,  and  a  NEW  South  Africa 
declared,  it  is  as  yet  undefined  and  many  aspects  of 
apartheid  remain  de  facto.  In  essence,  NEW  South  Africa 
means  "life  after  Apartheid."  But  there  are  many  defini- 
tions of  what  that  should  be  and  there  is  absolutely  no 
clarity  about  the  details  of  how  a  unified  society  and 
education  system  will  look.  It  would  appear  that  the 
present  government,  in  anticipation  of  losing  power, 
would  like  to  decentralize  power  and  privatize  industry; 
whereas  the  African  National  Congress  and  other  non-. 
white  political  organizations,  in  anticipation  of  taking 
power  after  having  been  on  the  receiving  end  of  a  strong 
centralized  government,  are  leaning  towards  strong 
central  control  with  themselves  as  the  leaders. 

In  light  of  this  unsettled  situation,  examining  the 
educational  system  and  the  use  of  technology  provides 
some  tremendous  opportunities  for  effecting  positive 
change.  The  fact  that  change  will  occur  is  clear;  what 
remains  unclear  is  the  kind  of  change  that  will  occur. 
This  paper  will  1)  describe  the  current  state  of  education 
and  the  use  of  technology  in  South  Africa.  2)  explore 
benefits  of  technology  and  computer  education  and  the 
possibilities  for  its  future  use  in  South  Africa,  and  3) 
delineate  some  of  the  barriers  that  must  be  overcome  if 
technology  is  to  be  integrated  effectively  into  the  South 
African  educational  environment. 

Current  State  of  Education 

As  one  looks  at  the  present  situation  it  is  important  to 
keep  it  mind  the  population  distribution  of  the  nation: 
75%  black,  9%  colored  (people  of  mixed  race),  3%  Asian 
(mostly  Indian,  not  including  Japanese  and  Chinese  who 
are  classified  as  white  under  ^artheid  laws),  and  13% 
white.  This  breakdown  represents  the  racial  classifications 
that  existed  under  apartheid  and  is  important  when 
examining  the  school  systems  because  each  classification 
had/has  a  separate  education  authority  in  the  major 
governing  regions.  The  Republic  of  South  Africa  has  27 
education  authorities  that  control  the  education  in  its 
governing  divisions  of  provinces(four),  homelands  (four), 
and  self-governing  regions  (six).  Each  division  can, 
therefore,  then  have  up  to  four  separate  education 
authorities  to  deal  with  each  of  the  racial  classifications  in 
its  authority.  Each  authority,  however,  has  some  au- 
tonomy. 

The  curriculum  for  the  four  homelands  and  six  self- 
governing  regions  is  set  by  the  Department  of  Education 
and  Training,  which  is  a  federal  office.  The  four  prov- 
inces set  their  own  curriculum.  The  curricula  are  used  to 
develop  the  exams  given  at  the  end  of  the  school  experi- 
ence. These  are  called  matriculation  exams  and  they  must 
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be  passed  to  receive  a  secondary  school  diploma. 

In  1986  the  South  African  Certification  CouncU  was 
founded  in  an  effort  to  control  the  standards  of  subject 
matter  and  examination  as  well  as  the  awarding  of 
certificates  at  the  various  exit  points  in  schools,  technical 
colleges,  and  non-formal  education.  The  major  objective 
of  the  councU  is  to  insure  that  all  certificates  awarded  by 
the  different  examining  bodies  at  specific  exit  points  are 
at  the  same  standard  (Strauss,  Plekker,  and  Strauss,  1991). 

There  is  a  great  deal  of  inequity  in  funding  of  public 
education.  National  funding  levels  per  student  in  South 
Africa  for  each  of  the  racial  classifications  are:  Black  - 
R930    $310),  Colored  -  R1983  (~$661),  Asian  -  R2659 
(-$886),  and  White  -  R3739  (-$1246)  (KwaZulu  Training 
Trust,  1991).  This  funding  is  used  to  pay  for  basic 
textbooks,  testing  supplies,  teacher  and  administrator 
salaries,  and  one-half  the  cost  of  the  school  building.  The 
individual  school  communities  must  raise  funds  for  all 
other  needs  such  as  phone,  secretaries,  general  supphes, 
non-text  materials,  and  any  extra  teachers  needed  above 
the  basic  number  allocated  by  the  government.  These 
funds  are  raised  voluntarily  from  the  peq)le  served  by  the 
school  in  such  forms  as  tuition,  donations,  and  corporate 
sponscH-ship. 

In  South  Africa  there  are  20  universities  with  schools 
of  education,  which,  since  the  renunciation  of  apartheid 
laws,  are  "open  to  all  races"  although  most  are  still,  in 
effect,  segregated.  These  schools  of  education  provide 
what  we  would  consider  an  equivalent  to  a  Bachelor  of 
Education.  In  addition  to  the  university-level  training  of 
teachers  there  are  94  teacher-training  colleges  in  South 
Africa.  These  are  found  in  all  areas  of  the  country  and 
service  all  four  racial  classifications.  The  majority  of 
them  are,  however,  traditionally  black  institutions.  These 
schools  provide  a  three-year  course  of  study  aimed  solely 
at  providing  teaching  certificates,  much  like  the  old 
normal  schools  did  in  the  United  States.  The  difference 
between  the  two  degrees  appears  to  be  that  the  bachelors 
degree  focuses  on  a  thorough  academic  understanding  but 
lacks  pedagogical  preparation,  whereas,  the  teacher 
training  institutes  focus  on  how  to  teach  but  not  on 
extensive  mastery  of  what  will  be  taught. 

South  Africa  has  four  official  languages  —  English, 
Afrikaans,  Zulu,  and  Bantu.  Each  child  is  instmcted  in  his 
or  her  mother  tongue  through  the  first  two  years  of 
schooling.  At  that  point  the  language  of  instruction  is 
either  English  or  Afrikaans.  For  the  native  English  or 
Afrikaans  speaker  there  is  no  switch;  the  child  whose 
mother  tongue  is  different,  however,  must  change.  The 
problem  is  that  Enghsh  is  spoken  only  in  formal  instruc- 
tion, while  most  informal  language  usage,  both  in  and  out 
of  school,  remains  in  the  student's  mother  tongue.  In 
classroom  settings  the  large  majority  of  students  do  not 
receive  instruction  in  their  first  language. 


This  situation  contributes  to  the  following  statistical 
description  of  the  state  of  education  m  South  Africa. 


Table  1 

South  African  Educational  Statistics 


Black 

Colored 

Asian  White 

%  of  Population 

75% 

9% 

3% 

13% 

Literacy  rate 

22% 

45% 

77% 

98% 

Matriculation  rate 

6% 

7.5% 

21.5% 

42% 

StudencTeacher 

41:1 

23:1 

20:1 

18:1 

Student:Classroom 

48:1 

24:1 

28:1 

18:1 

Source:  KwaZulu  Training  Trust,  University  of  Zululand. 


Table  1  shows  that  the  majority  of  the  population 
(black)  has  a  secondary  school  matriculation  rate  of  6%,  a 
literacy  rate  of  22%,  an  average  classroom  size  of  48.2 
students,  and  overall  student/teacher  ratio  of  40.6/1.  The 
minority  white  population  has  a  secondary  school 
matriculation  rate  of  42%,  a  literacy  rate  of  98%,  an 
average  classroom  size  of  17.8  students,  and  an  overall 
student/teacher  ratio  of  17.8/1. 

When  looking  at  matriculation  figures  it  should  be 
noted  that  in  the  South  African  system  matriculation 
means  finishing  the  last  year  of  secondary  school  (Stan- 
dard 10)  and  passing  a  comprehensive  written  exam.  The 
exam  is  used  to  screen  candidates  for  future  education  but 
is  not  necessary  as  a  job  requirement. 

To  an  educator  visiting  the  black  schools  in  KwaZulu 
(the  Zulu  self-governing  territory  in  northern  Natal)  the 
lack  of  instructional  materials  is  evident.  There  are  no 
school  libraries  and  few  print  materials  visible  in  the 
classroom  (even  English  classes).  Students  do  not  have 
paper,  pencils,  books,  or  other  materials.  One  principal 
stated  that  even  though  the  Department  of  Education 
provides  textbooks  the  principal  is  personally  and 
financially  responsible  for  them.  If  any  are  lost  or 
destroyed  during  the  five-year  hfe  of  the  textbook  the 
replacement  cost  comes  from  the  principal's  salary.  In  the 
society  at  large  there  are  not  the  number  of  magazines, 
newspapers,  and  public  libraries  that  we  take  for  granted 
here  in  the  United  States.  Those  available  are  extremely 
expensive  in  relation  to  the  salaries  of  the  general 
population.  The  cost  of  books,  in  conjunction  with  the 
lack  of  public  lilM-aries,  does  not  encourage  casual  reading 
within  the  population.  The  lack  of  equipment  in  some 
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black  schools  is  equally  severe.  For  example,  a  professor 
at  the  University  of  Zululand  in  charge  of  student  teachers 
stated  that  a  chemistry  teacher  in  a  rural  school  had  never 
seen  a  test  tube.  Those  schools  that  do  have  equipment 
and  supplies  are  sponsored  by  major  corporations,  are 
usually  located  near  the  corporate  worker*s  living 
facilities,  and  cater  to  future  workers  of  the  corporation. 
This  situation  aeates  schools  that  are  very  inequitable 
within  the  same  community. 

The  availability  of  technology  in  the  schools  parallels 
the  social  structure  found  in  the  country.  The  traditional 
white  schools  are  relatively  well  supplied  with  current 
technology.  It  is  not  always  used  well,  particularly 
computers,  but  it  is  available.  On  the  other  hand,  the  great 
majority  of  black  schools  lack  all  forms  of  technology. 
This  is  due,  in  part,  to  the  lack  of  electricity  in  over  half 
of  the  black  schools  in  the  country.  What  instructional 
technology  that  can  be  found  in  the  black  schools  is  a 
direct  result  of  either  corporate  or  university  involvement 
with  the  school.  IBM  has  established  over  100  Writing  to 
Read  programs  at  the  primary  levels  in  an  effort  to 
provide  English  instruction  and  computer  literacy 
experiences.  However,  once  the  children  leave  the 
program  no  further  computer  experiences  aro  available.  A 
number  of  universities  (e.g..  University  of  l^ululand. 
University  of  the  Western  Cape,  and  Rhodes  University) 
have  established  outreach  programs  to  secondary  schools 
in  their  areas.  These  projects  usually  involve  providing 
supplemental  instruction  to  students  in  mathematics, 
science,  and  English.  The  majority  of  these  programs  use 
PLATO  as  their  program  base,  although  a  number  of 
institutions  are  moving  away  from  PLATO  to  other 
systems  that  allow  authoring  of  lessons  customized  to  fit 
local  needs. 

Bonef  its  of  Technology 

Hawkridge  (1990)  presents  a  classification  of  ration- 
ales for  using  Information  Technologies  that  are  particu- 
larly relevant  to  the  present  situation  in  South  Africa. 
Each  will  now  be  discussed. 

The  Pedagogic  Rationale  puts  forth  the  belief  that 
computers  can  teach  —  that  there  are  elements  of  the 
learning  process  that  can  be  achieved,  partly  or  com- 
pletely, by  interaction  with  a  computer.  For  example,  a 
major  problem  that  computers  may  be  able  to  address  in 
South  Africa  is  the  poor  preparation  of  many  (particularly 
rural)  teachers.  Computers  can  be  used  to  provide 
supplementary  resources  to  the  teacher  in  the  form  of 
expert  lessons  and  time-saving  administrative  aids. 

Teachers  in  South  Africa  are  presently  trained  to  run 
teacher-focused  classrooms  as  providers  of  information 
and  education.  The  high  student/teacher  ratio  restricts  the 
quality  of  education  that  it  is  possible  to  provide.  There 
are  a  number  of  ways  in  which  using  computers  can  help. 


Furst,  computers  can  take  over  drill  and  practice  instruc- 
tion, class  management,  and  class  testing.  In  doing  so, 
students  are  provided  with  immediate  feedback  and  a  kind 
of  neutral  response  (the  program  cannot  be  culture-free, 
but  at  least  the  computer  doesn't  judge  who  presses  the 
button,  only  which  button  has  been  pressed).  Second, 
ccxnputers  can  help  meet  the  needs  of  the  individual 
student,  helping  the  teacher  to  better  accommodate 
mixed-ability  classes.  Tliird,  the  learning  time/timetable 
does  not  depend  on  the  availability  of  the  teacher.  In  fact, 
the  computer  could  be  available  24  hours  a  day. 

Another  way  in  which  a  technology,  such  as  comput- 
ers, can  be  particularly  helpful  to  under-prepared  teachers 
is  in  the  area  of  content  knowledge.  The  use  of  computers 
and  well  designed  software  allows  the  teacher  to  be  a 
facOitator  of  learning  rather  than  the  reservoir  of  knowl- 
edge, relets  and  information  can  come  from  the  technol- 
ogy, giving  the  teachers  access  to  another  "presenter  of 
the  facts"  and  freeing  the  teacher  from  the  necessity  and 
pressure  of  having  to  know  everything.  In  turn,  the 
teachers'  dignity  is  preserved  and  they  "save  face"  in  a 
culture  that  places  a  high  value  on  these  attributes. 

The  effectiveness  of  c(Hnputers  in  improving  aca- 
demic results  is  particularly  important  in  a  country  in 
which  test  scores  determine  a  student's  future  education. 
There  have  been  a  number  of  studies  (Samson,  Niemiec  et 
al.,  1986;  Kulik  &  Kulik,  1986;  Bangert-Drowns,  Kuhk, 
&  Kulik,  1985)  that  show  imiM-ovements  in  measurable 
factors  —  particularly  for  disadvantaged  students.  This 
secures  the  place  of  the  computer  as  a  provider  of  drill 
and  practice,  as  a  means  of  exploration  (e.g.,  problem 
solving  and  simulations),  and  as  an  information  process- 
ing tool. 

The  Vocational  Rationale  emphasizes  learning 
applications  and  programming.  This  rationale  is  common 
among  developing  countries  where  unemployment  and 
poverty  aeate  an  awareness  of  a  need  for  useful  skills  in 
the  workplace.  In  a  sense,  there  is  an  economic  imperative 
for  Information  Technology  in  education:  a  skilled  work 
force  will  be  able  to  generate  more  (conununal)  wealth 
than  an  unskilled  work  force. 

The  Special  Needs  and  Cost-ejfectiveness  Rationales 
both  deal  with  providing  effective  instruction  in  specific 
situations.  The  advocates  of  these  rationales  would  say 
that  there  is  such  a  crisis  in  education  in  South  Africa  that 
there  is  no  hope  of  a  solution  without  technology  —  the 
only  way  to  tackle  the  problem  of  the  limited  funds  at  the 
country's  disposal  is 'd  use  technology.  Such  things  as 
CD-ROM,  video  tape/video  disc,  and  teleconununications 
are  a  less  costly  means  to  the  mass  distribution  of 
information  than  the  production,  distribution,  and  housing 
of  equivalent  print  materials  would  be. 

The  Catalytic  Rationale  states  that  computers  can 
foster  desired  change  in  education.  Although  this  potential 
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is  not  inherent  in  the  medium  but  depends  on  the  use  to 
which  Infomiational  Technology  is  put,  the  computer  can 
be  used  as  a  tool  to  encourage  problem  solving  and 
meaningful  learning.  This  would  mean  a  fundamental 
shift  from  much  of  the  rote-learaing/exam-focused 
teaching  that  takes  place  in  South  Africa  today.  This 
rationale  is  particularly  pertinent  today  in  that  the  country 
is  going  through  a  time  of  great  expectations  with  regard 
to  change,  especially  educational  change.  Much  of  the 
revolution  in  South  Africa  since  1976  has  been  driven  by 
youth  who  expect  radical  and  mnovative  change  leading 
to  a  modem  and  relevant  education  system.  In  this  regard, 
it  is  important  to  note  the  possibilities  of  the  computer  as 
an  empowering  mechanism.  For  example,  teachers  who 
are  able  to  use  technology  effectively  can  produce  locally 
relevant  materials  that  are  up-to-date  and  that  can  be 
easily  shared.  It  would  decrease  their  reliance  on  (govern- 
ment-sponsored) textbooks. 

The  Social  Rationale  sees  computer  awareness  and 
literacy  as  part  of  general  preparation  for  modem  life. 
However,  a  social  rationale  must  be  conmiunity  driven  for 
a  conununity  harnesses  the  power  of  the  technology  to 
achieve  ends  which  it  identifies  as  useful.  The  white 
population  of  South  Africa  with  its  higher  level  of 
education  seems  to  reflect  this  awareness.  The  larger 
black  community  fears  coinputers  as  threatening  their 
employment  opportunities.  Their  concerns  are  focused  on 
day  to  day  existence  rather  thmi  reflecting  the  awareness 
of  the  necessity  of  a  computer  literate  population  if  they 
are  ever  to  become  a  first  world  country. 

The  Information  Technology  Industry  Rationale  states 
that  some  systems  have  been  promoted  by  commercial 
interests  rather  than  educational  ones.  That  is  not  a 
criticism  in  itself.  Indeed,  conmierce  and  education  ought 
to  work  together,  but  the  emphasis  should  be  on  education 
rather  than  profit.  In  the  black  schools  in  South  Africa 
where  Information  Technology  is  found  it  is  a  direct 
result  of  corporate  sponsorship.  The  need  to  make  this 
type  of  technology  available  to  all  schools,  regardless  of 
their  direct  relationship  to  a  specific  corporate  interest,  is 
paramount. 

Barriers  to  Overcome 

As  we  examine  barriers  to  using  technology  as  an 
instnmient  of  education  in  South  Africa  "ve  find  many  of 
the  same  barriers  found  in  the  Uniteo  waies.  The  problem 
is  more  pronounced  in  South  Africa  because  the  majority 
of  students  are  in  the  black  education  system.  Many  of 
these  barriers,  alluded  to  in  the  benefits  section  of  this 
paper,  are  due  to  the  poverty  of  the  educational  system, 
the  authoritarian  manner  of  the  traditional  teaching  model, 
and  the  basic  human  condition  of  the  black  majority. 

Abraham  Maslow  (1954)  states  that  before  a  person 
can  concentrate  on  education  (the  need  to  know  and 


ability  to  understand  the  pleasure  in  learning)  he  or  she 
must  be  provided  with  basic  human  needs  such  as  food, 
warmth,  safety  and  security,  the  feeling  of  belongmg  in 
social  and  personal  relationships,  and  self-esteem.  These 
are  human  needs  denied  by  apartheid.  They  account  for 
the  majority  of  the  concerns  expressed  by  the  students  in 
South  Africa  today. 

Athol  Fugard  (1989),  in  his  play  "My  ChUdren!  My 
Africa!,**  which  deals  with  the  social  and  educational 
struggle  in  South  Africa,  corr^ents  through  a  young 
black  student  about  a  school  .^oycott  called  by  a  political 
group: 

The  comrades  are  imposing  a  discipline  which  our 
struggle  needs  at  this  point.  There  is  no  comparison 
between  that  and  the  total  denial  of  our  Freedom  by 
the  white  government.  They  have  been  forcing  on  us 
an  inferior  education  in  order  to  keep  us  permanently 
suppressed.  When  our  struggle  is  successful  there  will 
be  no  more  need  for  the  discipline  the  comrades  are 
demanding. 

Many  black  South  Africans  feel  that  the  "inferior 
education**  imposed  by  the  white  government  is  a  result  of 
the  authoritarian  nature  of  the  government  and  the 
political  system.  The  education  system  they  control  has 
been  designed  to  teach  compliance  rather  than  indepen- 
dence. It  has  stified  initiative  and  motivation  leading  to  a 
profound  sense  of  personal  disempowerment.  The  truth  is, 
in  fact,  that  the  black  population  has  little  power  not  only 
in  many  of  the  decisions  taken  about  them  through  the 
colonial  stnictures  but  also  through  the  traditional  tribal 
structures.  This  leads  to  a  relinquishment  of  responsibility 
for  their  own  lives,  including  their  education,  and  causes 
pupils  to  often  take  initiatives. in  misguided  and  destruc- 
tive ways,  such  as  bummg  classroom:  and  killing  teachers 
(as  in  Fugard*s  play).  While  the  students  have  the  power, 
they  lack  the  knowledge  and  experience  to  direct  them- 
selves in  productive  ways.  School  boycotts  go  on, 
disnipting  school  for  hours,  days,  or  weeks.  While  school 
is  in  session,  the  time  students  should  be  devoting  to 
academic  tasks  is  used  to  plan  future  political  actions. 

Money  provides  another  barrier  to  education.  Such 
things  as  rural  electrification,  availability  of  educational 
resources  and  supplies,  adequate  numbers  of  adequately 
trained  teachers,  the  production  of  good  and  relevant 
courseware,  and  sufficient  equipment  all  could  be  put  m 
place  now  if  the  funds  were  available. 

A  final  barrier  that  must  be  overcome  is  one  of 
attitude.  Attitudes  that  represent  a  major  barrier  to  the 
incorporation  of  technology  in  the  educational  system  and 
work  force  are  that:  1)  the  use  of  technology  steals  jobs 
from  people,  2)  teachers  and  lecturers  feel  that  they  will 
no  longer  be  the  dispenser  of  knowledge,  and  3)  the  belief 
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that  software  progranuners  and  lesson  designers  impose 
their  own  biases  (e.g.,  cultural)  on  the  insuiictionai 
material. 

Conclusions 

There  are  a  vast  number  of  needs  competing  for 
priority  in  South  Africa  This  is  unlikely  to  improve  in  the 
short-term.  The  attempt  to  redress  decades  of  inequality 
will  involve  massive  input  and  time.  However,  both  the 
South  African  economy  and  the  education  system  are  in  a 
state  of  crisis.  There  is  a  high  unemployment  rate,  a 
pressing  need  for  poverty  relief,  and  little  money  for 
education.  At  the  same  time  there  are  vast  numbers  of 
children  of  school  age — 48%  of  the  population  are  under 
the  age  19  (South  African  Institute  of  Race  Relations, 
1992).  The  recognition  of  a  need  to  address  past  inequali- 
ties places  huge  demands  on  available  resources.  This 
means  that  schools  will  increasingly  have  to  rely  on  the 
communities  they  serve  and  on  industry/commerce 
partnerships  for  resources.  Considering  the  current  state 
of  schools  in  many  areas,  particularly  rural  areas,  a  large 
portion  of  the  funds  available  will  be  spent  on  critical 
areas  like  salaries  and  buildings. 

There  are,  however,  extremely  good  reasons  for 
investing  in  Information  Technology.  There  is,  as  well,  a 
significant  voice  in  the  South  Africa  educational  system 
that  believes  not  only  in  the  potential  but  in  the  necessity 
of  Information  Technology  in  education.  Although 
computers  are  the  medium  usually  associated  with 
Information  Technology  other  media  such  as  television, 
radio,  and  videos,  have  educadonal  iwtendal  as  well.  A 
question  that  needs  to  be  answered  is  "Will  Information 
Technology  contribute  to  the  educational  aspirations  of 
the  people  in  a  positive  way?"  We  believe  the  answer  is 
yes,  and  thatjnformation  Technology  should  —  and  will 
—  receive  significant  attention  from  educational  authori- 
ties in  the  NEW  South  Africa. 
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Overvkiw 

The  focus  for  this  year's  section  on  graduate  and 
inservice  programs  in  technology  and  teacher 
education  appears  to  address  the  question,  "What 
steps  can  be  taken  to  ensure  effective  instruction  of 
teachers?"  The  authors  in  this  section  propose  solutions 
to  the  problems  of  delivering  instruction  that  transf^'.rs  the 
the  classroom  so  that  teachers  make  use  of  available 
technology,  use  the  technology  appropriately,  and 
maintain  the  innovative  practice  after  the  training  ends. 

The  authors  of  articles  in  this  section  propose  a  wide 
variety  of  models  for  inservice,  analyses  of  preconditions, 
and  programs  focussed  on  innovative  uses  of  emerging 
technologies.  Some  of  the  models  have  proven  effective 
for  other  types  of  training  or  education,  and  are  translated 
to  the  technology  and  teacher  education.  These  typically 
have  a  solid  research  base  and  One  tuning  that  has 
occurred  over  several  years.  Other  models  are  emerging 
as  unique  to  the  field.  This  collection  of  articles  consti- 
tutes an  important  research  base  that  will  guide  readers 
through  a  broad  choice  of  approaches  to  the  design  of 
inservice  activities  and  graduate  programs.  Many  of  the 
studies  merit  replication,  particularly  since  they  encom- 
pass a  range  of  assessment  activities  that  can  and  should 
be  applied  so  that  further  research  can  continue  to  help 
practitioners  refine  their  offerings. 

Models  of  Effective  Instruction  in  Tectinology 
and  Teocher  Education 

Copley  and  Williams  worked  with  middle  school 
mathematics  teachers  to  determine  the  effects  of  coaching 
on  the  use  of  calculator  technology  in  the  classroom. 
They  utilized  a  modified  version  of  the  Joyce  and 
Showers  (1988)  coaching  model,  and  compared  coached 
and  non-coached  teachers  over  four  constructs:  higher- 
level  content,  use  of  calculators  as  a  problem-solving  tool, 
student-initiated  use  of  calculators,  and  teacher-initiated 
use  of  calculators.  The  positive  results  of  coaching 
teachers  provide  strong  evidence  that  this  model  can  be 
effective  in  many  areas  of  technology  use  in  the  class- 
room, particularly  since  the  innovation  is  highly  complex 
and  is  too  often  abandoned  without  continued  support. 

Grandgenett  and  Mortenson  propose  a  model  called 
TEAM  (Technology  in  Education  Advancement  model) 
in  which  education  and  technology  specialists  and 
institutions  collaborate  to  plan,  deliver,  and  follow  up  on 
instruction  in  technology  use,  utilizing  an  eight-phase 
approach.  Although  no  data  have  been  gathered  to 
measure  the  effectiveness  of  the  model,  the  authors 
clearly  feel  that  the  collaborative  behaviors  they  have 
observed  in  TEAM  participants  represents  success  in 
meeting  project  goals. 
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Bahr,  Kenney,  and  Hannaford  employed  a  training 
model  that  compared  implementation  effects  among  three 
groups  of  teachers  receiving  training  specifically  arnied  at 
technology  integration,  traditional  training  (software 
demonstration  and  hands-on  practice),  and  no  training.  A 
precondition  for  the  training  included  the  evaluation  of 
over  100  software  packages  so  that  appropriate  materials 
would  be  preselected,  given  that  teachers  have  little  time 
for  this  activity.  Although  final  results  are  not  yet  in,  the 
authors  have  evidence  that  teachers  do  not  make  use  of 
customization  and  record  keeping  options  when  these 
features  are  available  from  software  packages. 

Smith  and  Smith  propose  a  model  of  inservice  training 
that  explicitly  defines  three  areas  of  need:  skills,  integra- 
tion, and  mentorship.  They  list  the  potential  benefits  of 
this  design  to  the  participants,  the  school  district,  and  the 
university.  Williams  and  her  colleagues  suggest  partici- 
pation in  curriculum  development  as  a  key  factor  in 
teacher  implementation  and  student  achievement.  Among 
their  interesting  findings  is  that  this  type  of  participation 
is  a  better  predictor  of  quality  of  implementation  and 
teacher  selection  of  student  activities  than  is  attitude 
towards  the  technology. 

Other  factors  have  impact  on  the  effectiveness  of  the 
highly  complex  activity  that  is  teacher  training  in  technol- 
ogy use.  Luna  and  Foster  utilize  a  technology  lab  situated 
at  the  university  to  establish  a  precondition  for  implemen- 
tation: that  teachers  have  access  to  training  and  resources, 
particularly  when  isolated  in  rural  areas.  Casey  applies 
the  research  on  effective  leadership  to  establish  another 
important  precondition  to  effective  implementation  of 
technology:  the  school  principal  is  a  key  player  who 
should  possess  the  knowledge  and  skills  for  appropriate 
use  of  technology. 

Schneiderman*s  paper  describes  an  educational 
community  on  Long  Island  whose  energy  is  harnessed  to 
build  a  shared  vision  of  educational  computing  and  the 
"creation  of  a  learning  organization.*'  Tbey  explicitly 
teach  networking  skills  so  that  the  sense  of  conununity  is 
highlighted  and  miuntained.  Roberts  and  Ferris  address 
the  fundamental  problem  of  faculty  expertise  within 
teacher  training  institutions  and  describe  important  issues 
related  to  the  lack  of  progress  in  infusing  technology  into 
higher  education  classrooms. 

Todd's  article  focuses  on  the  training  of  school  media 
specialists  in  a  role  of  leadership  and  support  for  educa- 
tional technology  use  in  the  classroom.  She  proposes  the 
use  of  an  adapted  concerns-based  adoption  model  and 
describes  how  this  might  work  for  the  media  specialist 
training. 


Innovative  Applicofions 

Four  of  the  authors  in  this  section  propose  instruc- 
tional events  that  are  based  on  cutting  edge  technology. 
Parker  describes  faciliaes  and  the  resources  within  those 
facUities  that  he  feels  are  essential  to  integration  of 
technology.  Tellez  and  Miller  describe  how  bar  code 
technology  can  be  applied  to  rec(Xd  keeping  and  thus 
reduce  the  clerical  overhead  that  occupies  teacher  time. 
Baumbach,  Bird,  and  Brewer  describe  facilities  and 
procedures  for  launching  videodisc  technology  use. 
Kolvoord  utilizes  a  constructivist  approach  in  the  use  of 
image  processing  to  facilitate  children's  exploration  and 
discovery  in  various  topic  areas. 

Future  Directions 

Clearly,  the  trend  in  inservice  and  graduate  education 
is  the  empowerment  of  teachers.  Models  that  suggest 
collaboration,  participation  in  planning,  conununity 
structures,  facilities  that  support  teacher  efforts,  and  a 
focus  on  teacher  concerns  are  moving  towards  the 
decision  support  that  has  proven  effective  in  the  corporate 
milieu.  Breaking  down  the  isolation  of  the  classroom 
teacher  and  other  key  players  in  the  educational  technol- 
ogy arena  is  a  theme  of  these  papers  and  the  evidence  that 
supports  this  aspect  of  school  restructtiring  is  only 
beginning  to  appear.  I  can  only  urge  that  studies  of  the 
effects  of  these  practices  continue  to  emerge  and  be 
replicated,  and  that  assessment  models  be  proposed  so 
that  each  of  us  is  not  faced  with  the  reinvention  of  the 
wheel. 
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TheoreKcoi  Frannowork  and  Objectives 

The  importance  of  teachers  observing  other  teach 
ers,  the  participatory  role  of  the  teacher  in  the 
creation  of  curricular  innovations,  and  the 
development  of  peer  and  self-reflective  strategies  have 
been  advocated  since  the  mid-seventies  and  continue  to  be 
a  focus  of  studies  (Berman  &  McLaughlin,  1975;  Fullen 
&  Pomfret,  1977;  Sharan  &  Hertz-Lazarowitz,  1982; 
Showers,  1984;  Williams,  1992).  Coaching,  a  process  in 
which  teachers  can  interact  with  other  teachers  to  practice 
new  and  experimental  tecimiques  without  fear  of  evalua- 
tion, is  the  method  that  is  often  implemented  to  accom- 
phsh  effective  change  (Joyce  &  Showers,  1988).  Coach- 
ing appears  to  contribute  to  transfer  of  training  by 
encouraging  greater  long-term  retention  of  knowledge 
about  and  skill  with  strategies  (Baker  &  Showers,  1984) 
along  with  a  more  appropriate  use  of  newly  learned 
suategies  and  models  of  teaching  (Showers,  1982;  1984). 

The  use  of  technology  has  long  been  advocated  in 
maQiematics  classrooms  (National  Council  of  Teachers  of 
Mathematics,  1974;  1989).  The  Mathematical  Associa- 
tion of  America  (1991)  stressed  the  need  for  changes  in 
mathematics  curriculum  at  all  levels  and  added  its  support 
of  calculator  use  by  claiming  that  students  can  more 
rapidly  apply  a  mathematics  understanding  m  problem- 
solving  situations  when  students  regularly  use  calculators. 
However,  recent  studies  have  shown  that  even  though  the 
use  of  technology  has  increased  in  middle  school  mtaQi- 
ematics  classrooms,  technology  has  not  been  appropri- 
ately implemented  and  integrated  into  instruction  and 
curriculum  (Copley  &  WiUiams,  1991;  Williams,  1992). 

The  purpose  of  this  study  is  to  investigate  the  effects 
of  coaching  on  the  use  of  technology  in  the  mathematics 
teachers  m  middle  school  classrooms.  Specifically,  do 
teaching  behaviors  of  teachers  involved  in  a  coaching 
program  differ  significanUy  from  identified  teaching 
behaviors  of  teachers  who  are  not  involved  in  a  coaching 
program?  Three  general  issues  are  addressed:  (a)  the 
higher-level  content  focus  in  lessons  using  technology,  (b) 
the  use  of  technology  as  a  problem-solving  tool,  and  (c) 
the  use  of  technology  especially  focusing  on  who  initiates 
its  use.  Because  of  the  current  emphasis  on  tiie  use  of 
technology  and  more  specifically,  calculator  use  (National 
Council  of  Teachers  of  Mathemtatics,  1991),  tiie  identified 
teaching  behaviors  were  all  Unked  direcUy  to  instruction 
using  a  calculator. 

Methods 

Fourteen  middle  school  teachers  from  a  large  urban 
school  district  in  Uie  southwest  registered  for  a  masters- 
level  education  class  entitied,  **Problem-Solving  wiUi 
Calculators".  The  content  of  the  course  included  a) 
instruction  on  the  use  of  calculator  technology,  b) 
modeUng  sessions  by  class  participants  of  the  content 
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emphasized  during  instruction,  c)  four  or  more  individual 
coaching  sessions  with  university  faculty,  class  partici- 
pants, and  peers  as  partners  and  d)  an  introduction  to  a 
variety  of  activities  involving  higher-level  content  and 
technology.  The  class  instruction  focused  on  how  the 
calculator  could  be  best  used  as  a  tool  for  higher-level 
thinking,  problem-solving,  and  student  involvement.  The 
importance  of  a  student-centered  classroom  with  its 
implications  were  stressed  and  modeled  during  the 
problem-solving  class  as  well  as  during  the  coaching 
sessions. 

A  modified  version  of  Joyce  and  Showers  (1988) 
coaching  model  was  used  during  class  instruction  as  well 
as  during  the  individual  coaching  sessions.  All  coached 
teachers  participated  in  the  four  individual  coaching 
sessions.  The  sessions  followed  the  following  sequence: 

(1)  university  faculty  -  teacher,  class  participant  -  coach, 

(2)  class  participant  -  teacher,  university  faculty  -  coach, 
and  (3)  class  participants  -  peer  coarhing.  and  (4)  class 
participants  -  peer  coaching.  Each  coaching  session 
began  with  a  presession  in  which  the  teacher  and  coach 
discussed  the  upcoming  lesson  objectives.  During  the 
coaching  session,  the  lesson  was  taught  by  the  teacher  and 
the  coach  recorded  observations,  questioned  students 
about  their  understanding  of  the  lesson,  and  noted  specific 
concerns.  The  coaching  session  then  ended  with  a  post 
discussion  between  the  coach  and  the  teacher  in  which  the 
concerns  were  addressed,  the  observations  and  recom- 
mendations reported,  and  future  plans  made. 

Fourteen  additional  middle  school  teachers  from  the 
same  school  district  were  randomly  selected  to  represent 
the  non-coached  group.  Since  the  teachers  taking  the 
class  were  self-selected  and  impossible  to  randomly 
select,  the  non-coached  and  coached  groups  were  com- 
pared using  demographic  data.  Both  groups  were  similar 
in  educational  background;  seven  of  the  coached  teachers 
and  six  of  the  non-coached  teachers  had  a  master's 
degree.  Twelve  of  the  non-coached  teachers  and  eleven 
of  the  coached  teachers  had  taken  classes  after  their 
degrees  had  been  awarded.  In  addition,  both  groups  had 
approximately  the  same  number  of  years  of  experience. 
The  coached  group's  average  was  in  the  10  to  14  years 
range  while  the  non-coached  group's  average  was  in  the  5 
to  9  year  range.  The  only  observable  difference  between 
tlje  experimental  and  control  groups  was  in  the  level  of 
their  certification.  Nine  of  the  fourteen  coached  teachers 
and  four  of  the  fourteen  non-coached  teachers  were 
elementary-certified  rather  than  secondary-certified. 

Behavioral  indicators  of  four  constructs  were  written 
to  measure  the  use  of  calculator  technology  in  the 
classrooms  of  the  28  middle  school  teachers.  The 
constructs  matched  as  closely  as  possible  the  objectives  of 
the  coaching  sessions  and  the  instruction  during  the 
problem-solving  class.  Constiiict  1,  "higher-level  content 


focus  in  lesson"  contained  five  behavioral  indicators. 
The  indicates  were  (a)  lesson  content  focuses  on  applica- 
tion skills,  (b)  lesson  content  focuses  on  analysis  and 
synthesis  skills,  (c)  lesson  content  focuses  on  evaluation 
skiUs,  (d)  lesson  content  poses  problems,  and  (e)  lesson 
content  requires  problem  solving.  Construct  2,  "use  of 
calculators  as  a  problem-solving  tool"  contained  five 
behavioral  indicators.  They  included  (a)  teacher  allows 
students  to  determine  appropriate  use  of  calculator,  (b) 
teacher  emphasizes  importance  of  estimation  to  determine 
reasonableness  of  calculator  answer,  and  (c)  teacher 
stresses  use  of  calculator  as  a  problem-solving  tool.  Both 
construct  3.  "student-initiated  use  of  calculator"  and 
construct  4,  "teacher-initiated  use  of  calculator"  were 
measured  using  only  one  behavioral  indicator  apiece.  The 
behavioral  indicators  were  contained  within  the  Observa- 
tion Rating  Scale  for  Calculator  Implementation  (Wil- 
liams, Waxman,  &  Copley,  1990). 

All  teachers  were  observed  by  trained  observers  at 
four  separate  times  during  a  45  minute  mathematics  class 
period.  Two  of  the  observations  occurred  during  the  fall 
in  which  the  coaching  sessions  and  the  problem-solving 
class  took  place  (DmCoach).  The  other  two  observations 
took  place  during  the  following  January  after  the  class 
had  finished  in  December  (AftCoach).  Teachers  were 
unaware  that  they  would  be  observed  during  the  ran- 
domly-selected period;  coaching  session^  were  never 
observed  by  the  trained  observers.  Observers  rated  each 
item  on  the  instrument  using  a  5  -point  scale  to  indicate 
the  amount  of  time  each  behavior  occurred.  A  high  score 
for  an  item  or  indicator  revealed  that  teachers  were 
frequently  observed  using  the  particular  behaviors.  The 
inter-rater  reliability  was  greater  than  .90. 

Analysis  of  Data  and  Results 

Mean  scores  on  the  indicators  were  calculated  for  the 
observations  conducted  during  the  class  and  coaching 
sessions  (DurCoach)  as  well  as  for  the  observations 
conducted  immediately  after  the  class  (AftCoach).  T-tests 
were  used  to  determine  if  there  were  significant  differ- 
ences (p<.05)  between  the  coached  and  the  non-coached 
groups  on  each  of  the  four  constructs  during  coaching 
(DuiCoach)  and  after  coaching  (AftCoach). 

Significant  differences  were  found  for  three  of  the 
four  constructs  (Table  1).  The  coached  group  spent 
significantly  more  time  focusing  on  higher-level  content 
than  did  the  non-coached  group  during  the  coaching 
period  and  after  the  coaching  period  (t=:2.26,  p<.05  for 
DurCoach;  t=2.21,  p<.05  for  AftCoach).  Significant 
differences  during  the  coaching  period  were  found 
between  the  experimental  and  control  groups  for  both 
"use  of  calculators  as  a  problem-solving  tool"  (t=:2.29, 
p<.05)  and  "student-initiated  use  of  calculator"  ( t=:2.95. 
p<.01).  On  both  constructs,  the  coached  group  had 
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higher  means.  No  differences  were  found  between  the 
coached  and  non-coached  group  on  the  construct, 
**teacber-initiated  use  of  calculator"  during  or  after  the 
coaching  period.  The  means  for  three  of  the  four  con- 
structs increased  after  the  coaching  period  for  both  the 
coached  and  non-coached  groups. 

Educational  Inr^portonco 

The  implementation  of  curricular  or  instructional 
innovations  involving  technology  is  essential  to  the  nature 
of  education.  Instruction  of  inservice  and  preservice 
teachers  often  focuses  on  methods  to  encourage  the 
implementation  of  those  innovations.  The  results  of  this 
study  confirm  previous  research  regarding  the  effective- 
ness of  coaching  and  add  to  the  research  base  the  observ- 
able effects  of  a  short-term  coaching  model  on  the 
appropriate  use  of  technology.   The  significantly  greater 
higher-level  content  focus  of  the  coached  group  of 
teachers  that  occurred  during  the  coaching  session  and 
persisted  even  after  the  coaching  session  is  a  promising 
finding.  While  the  concentration  on  higher-level  content 


was  not  high  for  either  the  coached  or  non-coached 
teachers,  the  fact  that  the  coached  teachers  who  were 
introduced  to  higher-level  activities  implemented  them  in 
their  classroom  more  than  the  non-coached  teachers 
suggest  that  coaching  has  benefit  to  both  instructional  and 
curricular  issues.  The  significantly  higher  use  of  calcula- 
tor technology  as  a  problem-solving  tool  by  the  coached 
teachers  during  the  coaching  session  seems  to  be  in 
conjunction  with  the  higher-level  content  focus  and 
further  supports  the  effectiveness  of  coaching. 

The  significantly  greater  student-initiated  use  of 
calculator  technology  by  the  coached  teachers  along  with 
their  almost  identical  teacher-initiated  use  of  calculator 
technology  when  compared  to  the  non-coached  group, 
suggest  that  the  coached  teachers  began  to  be  more 
student-centered.  In  addition,  it  may  indicate  an  increased 
comfort  level  with  calculator  technology  by  the  teachers 
involved  in  the  coaching  session. 
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Table  1 

Results  of  T-Test  Analyses  between  Experimental  Group  (Coached)  and  Control  Group  (Non- 
Coached)  on  Observations  of  Three  Constructs 


CONSTRUCTS(possible  range) 

M 

DurCoach 
SD 

t-test 

M 

AflCoach 
SD 

t-test 

1:  Higher-Level  Content 
Focus  in  Lesson  (5-25) 
Experimental 
Control 

6.57 
5.61 

1.31 
.90 

2.26* 

7.54 
6.43 

1.46 
1.17 

2.21* 

2:  Use  of  Calculators  as  a 
Problem-Solving  Tool 
(5-25) 

Experimental 
Control 

7.89 
4.89 

2.82 
4.01 

2.29* 

8.29 
7.14 

3.78 
4.12 

.77 

3:  Student-Initiated  Use 
of  Calculator  (1-5) 
Experimental 
Control 

2.68 
1.79 

.80 
.80 

2.95** 

3.14 

3.14 
1.08 

1.12 
.00 

4:  Teacher-Initiated  Use 
of  Calculator  (1-5) 
Experimental 
Control 

1.89 
1.86 

.94 
.97 

.10 

1.54 
1.21 

.87 
.38 

1.27 

*p<.05 


♦♦p<.01 
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Introduction 

Over  the  last  decade,  increasingly  powerful 
computers  and  related  educational  technologies 
have  emerged  for  use  in  the  design  and  delivery 
of  classroom  instruction.  The  pace  of  technical  change 
during  the  last  ten  years  is  indeed  impressive,  and 
teachers  have  watched  classroom  technologies  quickly 
advance  from  simple  drill  and  practice  programs  written 
in  BASIC  to  impressive  multimedia  packages  using  CD- 
ROM  and  video  laser  disks.  Yet  such  a  rapid  technical 
advance  is  producing  a  challenge  to  teacher  training 
efforts,  as  classroom  technologies  are  changing  almost  as 
fast  as  teachers  can  be  trainee'  in  them  (Retterer  &  Raker, 
1990;  Irwin,  1990;  Jongejan,  1990). 

The  rapid  emergence  of  new  products  is  making  it 
difficult  fc«-  school  district  and  university  technology 
specialists  to  keep  up,  and  many  of  these  resident  experts 
are  becoming  aware  that  they  will  no  longer  be  able  to  be 
knowledgeable  and  to  teach  all  types  and  aspects  of 
technology  to  their  teachers.  In  essence,  they  are  finduig  a 
need  to  collaborate  in  the  technology  traming  of  teachers, 
by  relying  on  others  for  particular  tq>ics  and  aspects  of 
inservice  programs.  There  is  also  a  recognition  that 
training  in  technology  will  never  truly  be  "completed*' 
and  teachers  will  need  to  be  periodically  brought  up  to 
date  in  new  advances  as  they  beccnne  available  for 
classroom  instruction. 

Thus,  along  with  new  technologies,  a  new  approach  is 
also  emerging  related  to  teacher  inservice  in  educational 
technology.  This  approach  involves  extensive  collabora- 
tion between  education  and  technology  specialists,  and 
institutions,  to  help  meet  the  changmg  needs  of  teacher 
inservice  (Phillips,  1986).  This  paper  describes  a  specific 
nr. Mel  for  this  new  collaborative  approach  to  trainmg 
lea.  ^ers  m  educational  technology,  called  TEAM 
(Technology  in  Education  Advancement  Model),  which 
has  been  used  successfully  for  a  completed  project  and  an 
ongoing  project  within  the  Omaha,  Nebraska  area. 

A  Colloborative  EnvironnDant 

In  the  metropolitan  Omaha  area,  the  College  of 
Education  at  the  University  of  Nebraska  at  Omaha  (UNO) 
and  the  seven  urban  school  districts  have  banded  together 
to  share  resources,  ideas,  concerns,  and  effective  prac- 
tices. This  cooperative  approach  between  and  among  the 
seven  urban  school  districts  and  College  of  Education  is 
fairly  unique  tn  the  United  States.  The  result  has  been  the 
formal  establishment  of  the  Metropolitan  Omaha  Educa- 
tional Consortium  (MOEC).  The  consortium  members 
share  a  common  purpose:  to  provide  the  best  education 
possible  for  the  meuqpolitan  Omaha  area,  which  will  be 
achieved,  in  part,  through  the  utiUzaUon  of  present  and 
emerging  technologies. 

MOEC  has  identified  five  major  task  forces  centering 
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on  the  themes  of:  Educational  Technology,  Staff  Develop- 
ment, Early  Childhood  Education,  Health  Education,  and 
Middle  School  Education.  Hie  &cGpe  of  the  combined 
school  districts  in  the  Metropolitan  Omaha  Educational 
Consortium  encompasses  82,600  students  and  4,500 
teachers  within  155  schools. 

Hie  existing  structure  of  MOEC  has  provided  an 
environment  for  the  design  and  delivery  of  cooperative 
inservice  teacher  education  projects  which  have  followed 
the  inservice  model  described  in  this  paper.  The 
Dartmouth-Nebraska  Partnership  project,  which  was  the 
first  Omaha  Project  TEAM,  emerged  from  this  MOEC 
collaborative  environment  This  initial  Project  TEAM  was 
financed  through  a  partnership  with  Dartmouth  University 
and  the  University  of  Nebraska  at  Omaha  where  an 
inservice  teacher  education  program  in  emerging  educa- 
tional technologies  was  designed  and  delivered  in  the 
metropohtan  Omaha  area.  Teachers  from  the  local  school 
districts  teamed  with  pr  JfesscM-s  from  the  university  to 
design  curriculum  packages  that  integrated  educational 
technology  for  delivery  in  classrooms.  Both  the  teachers 
and  professors  prepared  curriculum  materials  from  their 
respective  classrooms  as  well  as  being  active  learners  in 
the  same  workshop. 

From  this  first  project  emerged  a  second  TEAM 
project  entitled  Project  TEAM— Secondary  Mathematics, 
which  began  in  August  of  1992,  and  is  currendy  ongoing. 
Project  TEAM— Secondary  Mathematics  was  funded  by 
the  Helena  Foundation  and  is  specifically  designed  to 
provide  inservice  teacher  education  for  secondary  school 
mathematics  teachers.  The  inservice  program  focuses 
upon  integrating  advanced  educational  technologies  into 
the  traditional  secondary  mathematics  curriculum. 

The  Technology  in  Education  Advancement 
Model  (TEAM) 

Effective  teacher  inservice  has  been  identified  by 
numerous  researchers  as  a  prerequisite  to  the  effective 
integration  of  educational  technology  into  the  schools 
(Friedman,  1991;  Wood  &  Smellie,  1990).  Merely 
supplying  teachers  with  technology  often  does  little  good 
unless  the  teachers  are  also  carefully  trained  to  use  the 
technology  through  an  appropriate  inservice  program. 
However,  teacher  inservices  need  to  be  well  planned  and 
delivered  to  be  successful  (Boe,  1989;  Hoffman,  1988).  A 
few  hastily  offered  after-school  training  sessions  are 
usually  not  enough  to  encourage  the  active  integration  of 
technology  into  instruction.  Instead,  inservice  programs 
need  to  be  systematically  planned  and  structured.  Most 
importantly,  inservice  programs  need  to  concentrate  on 
gradually  changing  teachers  from  technology  learners  to 
technology  users,  and  be  structured  to  emphasize  and 
assist  ongoing  curricular  goals  (Hubbard,  1989;  Hoffman, 
1988;  Moursund,  1984).  The  technology  inservice  model 
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described  in  this  paper  (TEAM)  represents  such  a  careful 
and  systematic  approach;  that  has  been  successfully 
implemented  within  the  Omaha  area. 

The  model  for  collaborative  inservice  training  in 
educational  technologies  represented  by  TEAM  is  divided 
into  8  distinct  phases:  1)  partnership  planning,  2)  program 
design,  3)  participant  selection,  4)  awareness  instruction, 
5)  experience  instruction,  6)  classroom  integration,  7) 
project  closure,  and  8)  dissemination.  For  the  institutions 
involved,  the  multiphased  approach  recognizes  that 
collaboration  takes  careful  planning  and  time.  Thus, 
phases  1, 2,  and  3  are  dedicated  to  the  need  to  build  a 
collaborative  environment  and  structure;  phases  4, 5,  and 
6,  represent  a  systematic  process  for  building  expertise  in 
the  inservice  participants;  and  phases,  7  and  8,  bring  the 
inservice  activities  to  closure,  and  facilitate  a  wider  range 
of  student  impact  and  spin-off  projects  through  dissemi- 
nation. 

Hie  eight  phase  model  is  designed  to  be  implemented 
within  the  period  of  1  year,  with  instruction  of  partici- 
pants occurring  during  the  last  10  months  of  the  project. 
The  eight  phase  apix-oach  has  been  essential  to  the 
success  of  Project  TEAM  and  projected  as  essential  for 
the  success  of  the  second  project,  Project  TEAM— 
Secondary  Mathematics.  Each  phase  is  described  in  more 
detail  below. 

Phase  1:  Partnership  Planning 

During  the  initial  partnership  planning  i^iase,  project 
partners  meet  and  discuss  the  collaborative  potential  for 
the  sharing  of  resources  and  expertise.  A  Project  Director 
is  chosen,  who  then  works  to  implement  the  eight  phase 
inservice  model  (TEAM).  A  Project  Evaluator  is  also 
chosen,  who  will  monitor  aU  phases  of  the  project.  To 
enhance  joint  planning,  the  Project  Director  worics  with  a 
planning  committee  comprised  of  master  teachers,  local 
business  technology  experts,  and  university  faculty.  This 
committee  has  made  a  commitment  to  participate  in  the 
inservice  project  and  provide  input  into  the  design, 
delivery,  and  evaluation  of  the  project. 

Each  of  the  member  institutions  represented  by  the 
committee  also  contributes  at  least  one  topic  and  instruc- 
tor to  the  three  instructional  phases  of  the  project,  and 
more  if  possible.  The  actual  inservice  instruction  is 
planned  for  dehvery  at  the  resident  institution  of  the 
expert  instructor,  so  that  integration  of  the  topic  into  the 
classroom  environment  can  be  examined  more  effec- 
tively. By  receiving  instruction  from  daily  practitioners,  at 
the  actual  classroom  site,  inservice  participants  receive 
tutelage  that  focuses  directly  on  classroom  application 
and  represents  demonstrated  success. 

Phase  2:  Program  Design 

During  the  program  design  phase,  the  specific 
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inservice  activities  and  schedule  are  planned.  Project 
partners  meet  to  discuss  the  basic  and  advanced  educa- 
tional technology  topics  that  would  be  included,  as  well  as 
identify  the  instructors  and  locations  for  each  activity. 
These  planning  sessions  are  usually  held  in  conjunction 
with  Ixeakfast  meetings,  and  include  as  many  of  the 
members  of  the  business  c(xnmunity,  master  teachers, 
university  professors,  and  administrators,  as  possible.  A 
conceptual  focus  to  the  inservice  design  is  essential.  For 
example,  in  Project  TEAM  -  Secondary  Mathematics,  the 
basic  design  of  the  project  centers  on  the  concept  that 
students  must  be  prepared  to  use  technology  and  math- 
ematics to  accomplish  real  life  tasks,  as  described  in  the 
Curriculum  and  Evaluation  Standards  established  the 
National  Council  of  Teachers  of  Mathematics  (NCI  i, 
1989)»  To  accomplish  the  above  objective,  the  planning 
group  identifies  a  schedule  needed  to  facilitate  instruction 
related  to  the  mathematical  and  technological  constructs 
that  were  identified  for  the  project.  In  Project  TEAM  - 
Secondary  Mathematics,  project  activities  are  spread  over 
a  ten  month  period  and  require  participants  to  attend  the 
following  training  periods: 

•  Thursday  evenings 

•  One  all  day  Saturday  session  per  month 

•  A  two  day  state  educational  technology  conference 

•  A  two  da.y  state  mathematics  conference 

•  Ten  other  scheduled  technology  related  events 

Phase  3:  Participant  Selection 

If  possible,  participants  for  the  inservice  training 
should  be  competitively  selected  out  of  a  pool  of  appli- 
cants. To  increase  the  number  of  applicants  in  the 
offerings  of  Project  TEAM  and  Project  TEAM— Second- 
ary Mathematics,  participants  were  provided  with  several 
project  related  benefits.  These  benefits  included  a  $500 
stipend,  $200  of  software  money,  a  scientific  calculator  or 
modem,  a  university  computer  account,  and  3-6  hours  of 
university  graduate  credit. 

Applicants  should  be  selected  primarily  on  their 
potential  contribution  to  their  particular  institution  uj[;on 
completion  of  the  inservice  training.  To  facilitate  the 
selection  process,  and  to  maximize  the  quality  of  partici- 
pants in  the  fM-oject,  aj^licants  should  be  asked  to  answer 
questions  related  to  the  following  topics: 

•  How  training  would  benefit  the  individual  applicant. 

•  How  training  would  benefit  the  applicant's  colleagues. 

•  How  training  would  benefit  the  applicant's  school. 

•  How  training  would  benefit  particular  students  in  the 
school. 

Participants  should  be  selected  by  a  committee 
representing  -^U  involved  in  the  project,  through  a  thor- 


ough review  and  discussion  of  the  applications.  All 
participating  institutions  should  have  a  relative  number  of 
"slots"  for  project  participation.  Representatives  from 
each  of  the  school  districts  can  make  individual  recom- 
mendations for  participation,  but  the  selection  committee 
should  have  the  fmal  decision  related  to  which  ^licants 
will  be  selected  for  the  limited  number  of  participation 
slots. 

Phase  4:  Awareness  Level  Instruction 

Approximately  25%  of  the  p-oject  instruction  is 
devoted  to  "awareness  level"  instruction,  where  partici- 
pants explore  general  possibilities  of  technology  applica- 
tion in  the  classroom.  As  much  as  possible,  awareness 
level  instruction  comes  at  the  beginning  of  the  project. 
Awareness  level  activities  include  such  overview  activi- 
ties as  practitioner  presentations,  guest  speakers,  and 
software  and  hardware  demonstrations.  Local  vendors 
also  participate  at  this  time  by  making  group  presentations 
related  to  their  software  and  hardware  products.  However, 
sessions  presented  by  practicing  educators  are  the  most 
interesting  and  helpful  to  the  participants.  For  these 
teacher  presented  sessions,  it  is  usu^ly  best  to  meet  at  the 
school  site  of  the  presenter,  to  help  get  a  solid  look  at  how 
the  presenter  is  currently  using  the  technology  with 
students.  Such  on-site  visits  are  much  richer  experiences, 
since  basic  questions  such  as  classrocwi  organization, 
room  configuration,  etc...  can  also  be  addressed  during  the 
technology  training. 

The  awareness  level  instruction  serves  to  build  a 
fundamental  knowledge  in  the  participants  related  to  how 
technology  can  be  successfully  used  in  education,  and  to 
spaik  their  interest  in  particular  applications  which  may 
be  useful  in  their  own  classroom.  Awareness  level 
activities  are  as  casual  as  possible,  allowing  participants 
to  become  comfortable  witii  the  project  training,  and  their 
ability  to  be  successful  in  the  project. 

Phase  5:  Experience  Level  Instruction 

The  second  25%  of  the  project  instruction  is  devoted 
to  hands-on  "experience  level"  instruction,  where 
participants  work  individually  at  a  computer  in  a  work- 
shop setting.  The  initial  focus  of  the  experience  level 
instruction  is  to  help  participants  become  competent  in 
basic  tool  related  applications,  such  as  word-processing, 
databases,  spreadsheets,  and  drawing  packages.  Building 
a  solid  base  of  practical  experience  is  essential  for  the 
participants  willingness  to  use  and  incorporate  tiie  more 
advanced  applications,  and  tht  basic  tool  instruction 
should  not  be  rushed.  After  this  general  instruction  witii 
basic  tool  applications,  then  further  instruction  during  the 
experience  phase  focuses  on  more  advanced  applications 
such  as  teleconMnunications  and  hypennedia. 

Instruction  during  the  experience  phase  should  not  try 
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to  teach  everything  about  a  particular  topic,  such  as 
hypermedia,  but  rather  enough  of  a  topic  to  allow  the 
participant  to  eventually  explore  and  continue  work  on 
their  own  during  the  later  integration  phase  of  the  project. 
Participants  have  the  opportunity  to  focus  on  a  particular 
advanced  application  that  they  find  useful  or  interesting 
during  the  integration  phase  of  the  inservice  instruction. 

Phase  6:  Classroom  Integration 

The  final  50%  of  instruction  time  in  the  project  is 
devoted  to  helping  participants  develop  a  personal 
integration  project  that  incorporates  an  advanced  technol- 
ogy for  classroom  instruction.  A  significant  amount  of 
instructional  time  during  this  phase  is  devoted  to  "open 
lab"  where  instructors  with  special  expertise  in  specific 
£q)plications  are  available  to  help  individual  participants 
with  their  personal  projects.  It  is  also  essential  to  help 
participants  build  their  own  personal  network  of  individu- 
als which  they  can  draw  upon  to  receive  technical 
assistance  and  advice.  This  personal  network  will  be  a 
continuing  resource  that  they  can  draw  upon  once  the 
project  training  and  sun>ort  is  completed. 

To  help  build  the  participant's  "personal  network", 
social  activities  are  also  built  into  the  training,  such  as 
brown  bag  lunches,  field  trips,  or  periodic  presentations 
that  are  open  to  the  local  experts  and  at  times  the  commu- 
nity. These  social  activities  help  build  relationships 
between  the  participants  and  local  experts,  and  the 
participants  themselves.  In  addition,  informal  talk  time, 
such  as  extended  t«*eaks  or  lunches,  are  built  into  all  the 
structured  training  sessions  to  allow  some  inforaial 
conversation  time  for  the  general  sharing  of  ideas  and 
problems.  Project  TEAM  and  Project  TEAM-^econdary 
Mathematics  found  that  this  informal  time  among 
professionals  is  where  some  of  the  best  integration  ideas 
came  from,  and  was  essential  to  the  successful  brain- 
storming of  solutions  to  many  technical  problems  as  well. 

Awareness  and  experience  level  activities  are  also 
offered  periodically  during  the  integration  phase,  to  help 
brush  up  on  general  skills,  and  to  continue  to  leara  about 
successful  applications  of  technology  in  the  classroom. 
However,  topics  during  the  classroom  integration  phase 
primarily  focus  on  assisting  participants  in  developing 
and  refining  their  particular  classroom  integration  project. 

It  is  unportant  to  note  that  the  three  instructional 
phases  are  structured  to  facilitate  a  gradual  development 
of  technical  and  professional  expertise  in  the  participant. 
During  these  three  phases,  participants  move  from  a 
general  awareness  of  what  technology  applications  exist, 
to  hands-on  experience  with  certain  technologies,  to  a 
very  focused  integration  of  a  chosen  technology  to  be 
integrated  into  Uicir  classroom  instructional  activities. 


Phase  7:  Project  Closure 

Following  the  project  instructional  activities  each 
participant  reports  on  the  project  they  designed  that 
integrates  educational  technology  into  the  design  and 
delivery  of  classroom  instruction.  This  reporting  is  done 
through  a  computer  aided  presentation  by  each  participant 
to  the  entire  group  of  participants.  In  addition,  each 
participant  prepares  formal  documentation  on  their 
respective  project  for  other  participants,  so  that  the 
projects  may  be  replicated  for  implementation  in  several 
classrooms. 

During  this  time,  the  formal  project  evaluator  views 
the  presentations  as  part  of  the  overall  evaluation  of  the 
inservice  pix)jecL  This  allows  the  evaluator  to  observe  the 
integrated  curriculum  projects  that  reflect  the  overall 
goals  and  objectives  of  the  general  inservice  project. 
Further,  this  phase  of  the  project  allows  the  project 
directors  to  report  back  to  the  planning  partners  initially 
involved  with  the  project.  The  actual  integrated  curricu- 
lum projects  and  the  final  report  from  the  project  evalua- 
tor constitute  the  major  components  for  reporting  on  the 
effectiveness  of  the  project. 

In  reality,  if  the  inservice  project  is  successful,  it  will 
not  fully  achieve  complete  closure,  since  it  is  anticipated 
that  the  participants  will  expand  their  integration  activi- 
ties, and  continue  to  interact  with  each  other  and  the 
project  instructors.  Additional  funding  sources  are  then 
explored  to  assist  in  the  continuation  of  project  activities, 
and  to  facilitate  replications  of  the  project  with  other 
participants,  and  possible  spin-off  projects  related  to  the 
participants  own  integration  projects. 

Phase  8:  Dissemination 

The  purpose  of  this  final  phase  of  the  project  is  to 
share  infmnation  gained  in  the  project  with  a  wide  base 
of  educators.  First,  there  is  considerable  dissemination 
among  participant  nstitutions  regarding  individual 
integrated  curriculum  projects  throughout  the  year  long 
training  program.  In  addition,  in  Project  TEAM  and 
Project  TEAM— Secondary  Mathematics,  each  partici- 
pant has  an  E-Mail  account  through  the  university  which 
allows  them  to  couinue  to  share  information  with  the 
project  directors,  other  participants,  and  interested 
professionals  via  the  Internet  system. 

Traditional  dissemination  methods  are  also  used. 
Formal  papers  can  be  subnutted  to  professional  organiza- 
tions for  inclusion  in  local,  state,  regional,  and  national 
meetings  and  manuscripts  can  be  submitted  to  profes- 
sional journals.  Dissemination  not  only  reports  on  the 
project's  eight  phases,  but  also  on  the  integration  projects 
developed  by  the  participants  themselves.  Thus,  dissemi- 
nation should  include  both  internal  and  external  audi- 
ences, and  should  describe  individual  as  well  as  group 
successes  as  they  reflect  the  eight  phase  model. 
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Conclusion 

The  eight  phase  collaborative  inservice  model,  called 
TEAM,  worked  very  well  during  the  two  separate 
offerings  of  Project  TEAM  in  the  Omaha  area.  All  the 
institutions  involved  have  agreed  that  it  is  indeed  more 
effective  to  approach  technology  inservice  through  a 
collaborative  environment,  where  resources  and  expertise 
are  shared.  One  of  the  most  impressive  aspects  of  this 
collaborative  ^proach  has  been  the  emergence  of  a 
committed  and  energetic  network  of  individuals  who  are 
continuing  to  share  their  expertise  and  collaborate, 
beyond  of  the  initial  two  projects.  This  netwoik  of 
knowledgeable  individuals  is  now  a  substantial  resource 
to  all  initial  partners  in  the  project  Many  of  the  individual 
integration  products  developed  by  the  project  participants 
are  truly  remarkable,  and  easily  of  commercial  level 
quality.  Some  districts  have  even  adopted  individual 
participant  projects  as  part  of  their  overall  school  or 
district  curriculum. 

Perhaps  what  is  most  impressive  however  is  the 
change  in  the  individual  participants  themselves.  Most,  if 
not  all,  of  the  participants  are  now  actively  helping  others 
to  integrate  and  learn  about  advanced  educational 
technologies,  and  have  become  local  experts  themselves 
in  particular  topics.  The  TEAM  projects  have  provided 
them  with  the  technical  skills,  and  general  enthusiasm,  to 
help  others  use  educational  technology  confidently  and 
effectively  in  the  classroom.  It  has  been  found  that 
collaboration  is  indeed  the  key  to  successful  technology 
inservice  for  teachers  in  today's  schools.  In  essence,  we 
have  verified  the  old  adage  that  sometimes  all  it  takes  for 
success  is  a  little  help  from  a  friend,  or  in  this  case  a 
"TEAM"  of  friends. 
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Introduction 

More  than  a  decade  ago,  computer-based  instruc- 
tion (CBI)  captured  educators*  attention  amid 
promises  that  its  widespread  use  would 
revolutionize  education.  Researchers  subsequenUy 
concluded  that,  when  used  as  a  supplement  to  traditional 
instruction,  CBI  has  a  moderate  positive  impact  on 
student  achievement  and  attituies  (Kulik  &  Kulik,  1991; 
Kulik,  Kulik,  &  Bangert-Drowns,  1985;  Schmidt, 
Weinstein,  Niemic,  &  Walberg,  1985-86;  Tohnan  & 
Allred,  1991). 

Despite  its  potential  to  improve  learning,  evidence 
suggests  that  CBI  is  largely  unexploited.  In  a  recent  report 
on  the  integration  of  technology  in  our  nation*s  schools, 
the  U.S.  Office  of  Technology  Assessment  found  that 
over  50%  of  teachers  had  not  used  a  computer  for 
instruction  (U.S.  Congress,  1988).  Furtharmore,  the  vast 
majority  of  teachers  have  had  little  or  no  training  to  use 
instructional  technology. 

While  preservice  technology  training  efforts  are 
beginning,  graduates  still  feel  ill-prepared  to  use  comput- 
ers in  their  teaching.  A  recent  statewide  survey  of  more 
than  1,000  student  teachers  in  Michigan  indicated  that 
less  than  one-fourth  felt  that  their  teacher  training 
programs  had  prepared  them  to  use  computers  in  their 
teaching  (Michigan  Preservice  Technology  Training  Task 
Force,  1989).  The  lack  of  confidence  on  the  part  of 
preservice  teachers  may  be  due,  in  part,  to  the  fact  that 
preservice  technology  training  focuses  on  computer 
hardware  and  the  mechanics  of  running  programs,  with 
litUe  emphasis  on  how  to  actually  integrate  technology 
use  into  instruction  (Glenn  &  Carrier.  1989).  Clearly, 
inservice  training  must  be  developed  to  continue  to  train 
teachers  in  the  field  to  effectively  integrate  technolgy  into 
their  instructional  programs. 

While  few  would  argue  that  ongoing  inservice 
technology  education  is  needed,  tiiere  is  litUe  relevant 
empirical  information  related  to  effective  integration 
training  metiKxis  and  content  Generally,  teachers  are 
introduced  to  technical  operation  of  software,  allowed  to 
practice  using  tiie  programs,  then  expected  to  go  back  to 
tiieir  classrooms  and  integrate  the  software  into  their 
instruction,  often  with  litUe  or  no  additional  knowledge  or 
support  about  how  to  do  so.  Altiiough  school  systems 
frequentiy  provide  technical  training,  the  burden  of 
integration  lies  witii  the  individual  classroom  teacher. 


Project  ICIP 

In  1990,  tiie  Department  of  Special  Education  at 
Western  Michigan  University  received  a  Uiree-year  grant 
from  the  U.S.  Department  of  Education  to  develop  and 
evaluate  a  new  type  of  inservice  technology  training.  The 
project,  entitled  Instructional  Compmer  Integration 
Preparation  for  Teachers  of  Handicapped  Learners:  A 
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Comparative  Study  (Project  ICIP),  is  designed  to  provide 
much  needed  empirical  data  regarding  appropriate  content 
and  effective  training  procedures  for  inservice  technology 
programs.  The  project  serves  both  regular  and  special 
educators  who  teach  students  with  mild  disabilities. 
Utilizing  a  variety  oi  data  collection  instnunents,  it  is 
contributing  important  infamation  about  the  impact  of 
various  training  methodologies  on  subsequent  technology 
integration  efforts  in  the  classroom.  This  paper  will 
describe  project  activities  and  preliminary  fmdings  to 
date. 

Method 

Participants 

Over  the  course  of  Project  ICIP,  nearly  100  teachers 
serving  students  with  mild  disabiUties  in  grades  one 
through  six  have  been  involved.  In  the  first  year,  special 
education  teachers  from  42  school  districts  in  southwest 
Michigan  were  invited  to  participate.  Selection  criteria 
included:  a)  teaching  elementary  special  education 
students  with  mild  disabiUties,  and  b)  having  at  least  one 
Apple  II  series  computer  available  for  instruction. 
Thirty-eight  teachers  from  18  school  districts  were 
selected. 

In  the  second  year,  more  than  80  districts  were  invited 
to  participate.  Selection  criteria  were  broadened  to  include 
regular  educators  serving  at  least  one  student  with  mild 
disabilities  in  a  mainstream  setting.  Currently,  59  teachers 
representing  20  school  districts  are  involved. 

In  both  years,  participants  were  randcmiy  assigned  to 
one  of  three  U^ning  conditions:  a)  integration  training,  b) 
conventional  training,  and  c)  no  training  control. 

Design 

Project  ICIP  was  designed  as  a  single-factor  control 
group  design  with  repUcation  during  the  first  year  anda 
two-factor  control  group  design  with  repUcation  during 
the  second  year.  In  the  first  year,  the  single  independent 
variable  was  type  of  training:  integration  vs.  conventional 
vs.  no  training  (control).  In  the  second  year,  teacher 
position,  regular  educator  vs.  special  educator,  was 
included  as  a  second  independent  variable. 

In  both  years,  all  teachers  received  several  computer 
programs  selected  to  meet  their  instructional  needs. 
Additionally,  teachers  in  the  two  training  conditions 
participated  in  a  series  of  three  inservice  training  sessions 
at  Western  Michigan  University  over  the  coiu'se  of  the 
school  year  and  engaged  in  follow-up  interaction  with 
Project  ICIP  personnel.  Teachers  in  the  control  group 
received  the  same  software,  but  did  not  attend  training 
sessions  or  receive  follow-up  support  from  project 
personnel. 

The  dependent  variable,  subsequent  technology 
integration,  was  defined  as  magnitude  of  software  use. 


type  of  software  use,  amount  of  curriculum  integration  of 
software,  persistence  of  software  use,  and  teacher  and 
student  attitudes  toward  computer  technology.  Numerous 
instruments  were  used  to  collect  information  about  the 
nature  of  technology  integration  in  participating  teachers' 
clas$ro(Mns  and  are  described  in  detail  later  in  this  paper. 

Software  Selection 

Because  prior  research  suggests  that  classroom 
teachers  have  Uttle  time  to  evaluate  and  select  instruc- 
tional software.  Project  ICIP  personnel  chose  appropriate 
software  for  participants  using  information  provided  by 
the  teachers.  Prior  to  the  first  training  session  each  year, 
participants  completed  a  two-part  p^r-and-pencil  Needs 
Assessment.  The  first  part  asked  teachers  to  Ust  the 
content  areas  they  taught,  to  prioritize  them  in  terms  of 
instructional  needs,  and  to  identify  the  major  objectives 
they  addressed  in  each  of  their  top  three  identified  content 
areas.  In  both  years,  teachers  as  a  group  identified 
reading,  language  arts,  and  matb  as  tbe  three  content  areas 
in  which  they  needed  ''different,  better,  or  more  instruc- 
Uonal  materials"  and  Usted  several  instructional  objectives 
within  each  area. 

In  the  second  part  of  the  Needs  Assessment,  teachers 
were  asked  to  list  software  programs  which  they  had 
available  to  address  each  of  the  most  frequently  Usted 
instructional  objectives.  Project  ICIP  personnel  then 
systematically  evaluated  over  100  instructional  software 
programs  in  the  areas  of  reading,  language  arts,  and  math 
and  selected  several  programs  whichaddressed  the  needs 
of  the  majority  of  participants  and  which  most  partici- 
pants did  not  already  use  or  have  access  to  in  their 
classrooms. 

In  the  first  year,  participants  received: 

1)  Math  Masters:  Addition/Subtraction  (DLM)  and  Math 
Masters:  Multiplicatiort/Division  (DLM), 

2)  their  choice  of  three  language  arts  programs  from  a  list 
of  six  including  Capitalization,  Punctuation,  Commas, 
Essential  Grammar,  Essential  Punctuation,  and  Clue 
in  on  Phonics  (Gamco),  and 

3)  two  mini-authoring  systems.  Odd  One  Out  (Sunburst) 
and  either  Quickftash!  (MECC)  or  StudyMate 
(Catnpu-Teach). 

In  the  second  year,  participants  received: 

1)  one  version  of  Math  Masters  (DLM)  along  with  Math 
Word  Problems  (Weekly  Reader), 

2)  Reading  and  Me  or  Talking  Reading  and  Me 
(Davidson),  along  with  Read  *NRoll  (Davidson),  and 

3)  their  choice  of  one  program  from  the  following  list  of 
language  arts  tools:  Kidwriter  or  Kidwriter  Golden 
Edition  (Spinnaker),  The  Children's  Writing  and 
Publishing  Center  (The  Learning  Company),  Publish 
It!  4  (Timeworks),  The  New  Print  Shop  (Broderbund), 
or  Slide  Shop  (Scholastic). 
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Training  Sessions 

Teachers  assigned  to  integration  and  conventional 
training  groups  attended  a  series  of  three  inservice 
sessions  held  in  August,  November,  and  February.  During 
these  sessions,  they  received  selected  software  and 
participated  in  four  hours  of  training  activities.  Although 
the  time  allotted  to  integration  training  and  conventional 
training  was  comparable,  the  content  differed  greatly. 

Conventional  training  was  designed  to  emulate 
standard  inservice  sessions  provided  by  school  districts.  It 
consisted  of  large-group  software  demonstrations, 
followed  by  hands-on  guided  practice,  independent 
practice,  feedback,  and  large-group  sharing  of  impres- 
sions of  the  software. 

Integration  training,  on  the  other  hand,  focused  less  on 
the  technical  aspects  of  the  software  and  more  on  discus- 
sion of  technology  integration  procedures.  The  sessions 
consisted  of  large-group  software  demonstrations, 
followed  by  short  hands-on  independent  iM^ctice,  then 
extensive  discussion  and  sharing  of  instructional  strate- 
gies and  classroom  management  procedures  to  facilitate 
integration  of  CBI.  During  the  first  year,  teachers  in  the 
integration  group  contributed  to  the  design  of  \ht  Project 
ICIP  Technology  Integration  Plan  which  they  used  to 
develop  instrucdonal  lessons  integrating  technology 
^plications.  Teachers  involved  in  the  second  year  of 
training  are  continuing  to  field-test  the 
Technologylntegration  Plan  in  their  classrooms  and 
sharing  information  with  each  other  about  effective  and 
ineffective  classroom  practices. 

Teachers  assigned  to  the  control  group  received 
selected  software  via  personal  delivery  in  August,  then 
the  mail  in  November  and  February.  They  did  not  attend 
ICIP  training  ^ssions  or  receive  any  assistance  from 
project  personnel  regarding  integration  procedures. 

Instrumentation 

Several  instruments  were  developed  to  collect 
information  about  the  nature  of  CBI  integration  in 
participants'  classrooms  throughout  the  school  year. 
These  measures  included  cwnputer  attitude  scales, 
confidence  scales  related  to  each  software  program, 
inservice  training  session  evaluations,  computer-based 
classroom  observations,  teacher  and  student  interviews, 
daily  computer  use  logs,  and  a  computer  integration 
measure. 

Computer  attitude  scale.  The  Project  ICIP  Computer 
Attitude  Scale  was  developed  and  field-tested  using  items 
gleaned  from  the  literature.  It  was  designed  to  measure 
general  attitudes  toward  technology  in  society, 
self-confidence  in  using  computers,  attitudes  about 
technology  utilization  in  schools,  and  the  importance  of 
technology  training.  The  paper-and-pencil  measure  was 


completed  by  all  participants  prior  to  the  first  training 
session  in  August  and  again  at  the  end  of  the  school  year. 

Confidence  scales.  At  the  end  of  each  training  session, 
participants  completed  paper-and-pencil  five-point 
Likert-type  scales  designed  to  assess  their  self-confidence 
in  two  dOTiains,  using  the  selected  software  and  integrat- 
ing it  into  their  instruction.  A  separate  Confidence  Scale 
was  developed  for  each  selected  software  program  listmg 
specific  components  of  that  program  along  with  standard 
items  related  to  instructional  integration.  Participants 
assigned  to  the  control  group  were  asked  to  complete  the 
scales  within  the  first  four  weeks  after  receiving  each 
program. 

Inservice  session  evaluations.  Also  at  the  end  of  each 
training  session,  participants  completed  a 
paper-and-pencil  five-point  Likert-type  Inservice  Training 
Session  Evaluation  form.  The  instrument  was  designed  to 
measure  satisfaction  with  training  materials,  procedures, 
and  instructors.  Participants  in  the  control  group  did  not 
complete  this  form. 

Classroom  observations.  Each  participating  teacher 
wasobserved  six  times  throughout  the  school  year  by 
trained,  independent  observers  using  a  computer-based 
observation  system.  Participants  were  observed  twice  in 
the  weeks  following  each  training  session.  Teachers  in  the 
control  group  were  also  observed  during  these  intervals. 
During  each  phase,  teachers  were  asked  to  indicate  dates/ 
times  when  they  would  likely  be  teaching  the  designated 
content  area  (reading,  language  arts,  or  math)  and  when 
they  would  likely  be  using  a  computer  for  instruction. 
Using  this  information,  observers  conducted  unannounced 
classroom  observations  lasting  aj^roximately  one-half 
hour  each. 

Observers  used  portable  l^top  computers  and  the 
Project  ICIP  Observation  System  -  Version  1,3  (Bahr, 
Kenney,  &  Hannaford,  1991),  an  interval  recording 
system,  to  collect  field-based  observational  data.  The 
system  requires  observers  to  watch  the  classroom  for  five 
seconds,  then  code  a  series  of  observed  teacher  and 
student  behaviors  for  the  next  55  seconds.  This  cycle 
continues  for  the  duration  of  the  class  period. 

Teacher  interviews.  Each  teacher  was  interviewed 
three  times  during  the  school  year,  several  weeks  after 
each  training  session.  Three  different  semi-structured 
interview  protocols  were  developed  to  measure  the  nature 
of  teachers'  computer  use,  their  use  of  the  selected 
software,  technical  problems  they  encounteied  with  the 
software  (conventional  and  integration  groups  only), 
integration  problems  they  encountered  (mtegration  group 
only),  and  implc>nenlation  of  the  Technology  Integration 
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Pbn  (integration  group  only). 

Student  interviem.  During  the  first  year,  each  teacher 
selected  two  special  education  students  to  participate  in  a 
face-to-face  interview  with  Project  ICIP  staff.  Seventy-six 
students  were  interviewed  the  first  year,  providing 
information  about  their  perceptions  of  computer  use  in  the 
classro(Hn.  Second  year  student  interviews  will  be 
scheduled  in  1993. 

Daily  computer  use  logs.  To  provide  ongoing  informa- 
tion about  the  types  of  software  used  in  their  classrooms 
and  the  time  students  spent  using  CBI,  all  participating 
teachers  completed  paper-and-pencil  Daily  Computer  Use 
Logs  at  the  end  of  each  school  day.  Teachers  recorded  the 
titles  of  software  used  by  students,  the  number  of  students 
who  used  each  program,  and  the  apiH-oximate  amount  of 
time  each  program  was  used  during  the  school  day. 

Computer  integration  measure.  This  paper-and-pencil 
measure  consisted  of  a  series  of  questions  designed  to 
ascertain  teachers'  knowledge  of  what  it  means 
toeffeciively  integrate  CBI.  Questions  also  asked  teachers 
to  self-assess  how  well  they  currently  integrate  CBI  into 
their  own  programs.  It  was  administered  to  all  participants 
at  the  end  of  the  first  year. 

Preliminaiy  Results 

Although  data  are  still  being  analyzed,  several 
preliminary  findings  have  emerged.  First,  results  of 
Inservice  Training  Session  Evaluations  indicate  diat 
teachers  are  highly  satisfied  with  both  conventional  and 
integration  training  procedures,  materials,  and  trainers.  It 
appears  that  trainin^  which  adheres  to  general  principles 
of  effective  inservice  is  valued  by  teachers,  regardless  of 
the  actual  content.  It  may  be  that,  given  teachers'  busy 
schedules,  the  content  of  iaservice  sessions  is  less 
important  than  the  mere  opportunity  to  take  time  to 
explore  software  in  the  presence  of  knowledgeable 
colleagues.  Teachers  in  the  control  group,  who  have  not 
participated  in  training  sessions,  frequenUy  report  that 
they  have  difficulty  finding  time  to  look  at  the  selected 
software. 

A  second  finding  is  that  teachers  infrequently  use  the 
customization  options  available  in  in  itructional  software 
programs.  Although  we  attempted  to  select  programs 
which  included  teacher  options  and  editing  capabilities, 
few  teachers  reported  using  these  features.  It  appears  that 
teachers  prefer  to  use  software  which  automatically 
progresses  students  through  multiple  levels,  rather  than 
having  to  select  the  appropriate  level  or  customize  the 
program  by  writing  their  own  content.  Project  teachers 
indicate  that,  despite  the  flexibility  available  in 
mini-authoring  systems,  they  do  not  prefer  to  use  this  type 


of  software. 

A  similar  finding  is  that  teachers,  as  a  group,  rarely 
use  the  record-keeping  functions  available  in  many 
instructional  software  programs.  While  some  teachers 
develop  mechanisms  and  schedules  for  retrieving 
disk-based  records,  most  do  not  monitor  student  perfor- 
mance during  CBI  sessions  or  check  stored  records  after 
students  ccHnplete  CBI  activities. 

We  also  found  that  teachers  use  a  variety  of  strategies 
to  control  access  to  their  classroom-based  computers. 
Many  teachers  pair  students  for  CBI  and  some  assign 
them  roles.  For  example,  one  strategy  several  teachers  use 
is  to  have  two  students  work  together  with  one  entering 
responses  while  the  other  assists  verbally.  Then,  when 
time  to  switch,  the  student  who  was  verbally  assisting 
moves  into  the  keyboarding  position  andchooses  another 
student  from  the  class  to  take  over  the  verbal  assistance 
position.  This  system  allows  all  students  to  work  on  the 
computer  with  at  least  two  different  partners  and  to  play 
two  different  roles  while  using  CBI.  Teachers  report 
numerous  odier  strategies  for  managing  the  one-computer 
classroom. 

Additionally,  we  found  'hat  diere  is  still  wide  varia- 
tion in  the  types  of  software  used  by  elementary  teachers. 
Although  many  teachers  have  access  to  relatively  large 
collections,  others  have  just  a  handful  of  programs.  Most 
of  the  teachers  involved  in  the  project  use  CBI  on  a  daily 
basis,  but  some  use  it  in  a  variety  of  content  areas  while 
others  restrict  CBI  to  one  or  two  subjects.  While  some 
teachers  have  consciously  decided  to  quit  using 
drill-and-practice  programs,  most  still  rely  on  stand-alone 
drill-and-practice  programs.  Teachers  generally  prefer 
programs  which  allow  their  students  to  work  indepen- 
dently, rather  than  jM^ograms  which  require  teacher 
assistance.  This  may  be  due  to  the  fact  that  few  teachers 
in  one-computer  classrooms  have  access  to  LCD  or 
overhead  display  panels  to  facilitate  large-group  instruc- 
tion. Most  rotate  all  students  through  the  availai)le 
software  one  or  two  at  a  time  rather  than  use  a  single 
program  with  a  large  group  of  students. 

Implications 

While  conventional  training  is  attempting  to  provide 
strictly  technical  information  to  teachers,  integration 
training  is  educating  teachers  about  what  it  means  to 
integrate  CBI  into  their  programs  and  how  to  manage  a 
computer-using  classroom.  We  are  encouraging  teachers 
to  use  CBI,  not  as  a  freet^me,  filler  activity  or  simply  as  a 
reinforcer  for  other  work  completion,  but  as  a  tool  to 
assist  in  meeting  instructional  objectives.  Teachers  are 
trained  to  first  identify  their  instructional  needs,  then 
select  software  which  targets  those  needs.  They  are 
encouraged  to  develop  systems  for  monitoring  student 
performance  during  CBI  activities  and  for  retrieving 
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student  data  after  CBI  sessions  are  completed.  Further- 
more, we  are  encouraging  teachers  to  share  CBI  perfor- 
mance records  with  their  students,  and,  in  some  cases,  to 
allow  students  to  assist  in  the  monitoring  process  itself. 
During  training,  teachers  share  strategies  with  each  other, 
view  \ideoiapes  of  teachers  who  have  successfully 
integrated  technology  into  their  instruction,  and  develop 
and  share  technology  integration  plans.  If  teachers  are 
expected  to  integrate  CBI  into  their  instruction,  they  must 
be  provided  the  knowledge  and  skills  to  do  so. 

Project  ICiP  is  supported  by  grant  »H023C00107  from 
tfie  U.S.  Department  of  Education.  The  contents  of  this 
paper  do  not,  however,  reflect  the  policy  or  views  of  the 
Department  of  Education  and  no  official  endorsement 
should  be  inferred. 

For  further  information,  contact:  Or,  Christine  M.  Bahr, 
Director,  Project  ICIP,  Department  of  Special  Education, 
Western  Michigan  University,  Kalamazoo,  MI 
49008-5194. 

Acknowledgements 

We  gratefully  acknowledge  the  following  individuals  for 
their  assistance  with  Project  ICIP  activities:  Karyn 
Hoekstra,  Susannah  Krill,  Mary  Peterson,  Holly  Walls, 
and  Amy  Wilson. 

References 

Bahr,  C,  Kenney,  S.,  &  Hannaford.  A.  (1991).  Project  ICIP 

Observation  System  -  Version  1.3.  Kalamazoo,  MI:  Western 

Michigan  University. 
Glenn,  A.  D.,  &  Carrier,  C.  A.  (1989).  A  perspective  on  teacher 

technology  training.  Educational  Technology,  29(3),  7-11. 
Kulik,  C.  C,  &  Kulik,  J.  A.  (1991).  Effectiveness  of 

computer-based  instruction:  An  updated  analysis.  Computers 

in  Human  Behavior,  7(1-2),  75-94. 
Kulik,  J.  A.,  Kulik,  C.  C,  &  Bangert-Drowns,  R.  L.  (1985). 

Effectiveness  of  computer-based  education  in  elementary 

schools.  Computers  in  Human  Behavior,  1,  59-74. 
Michigan  Preservice  Technology  Training  Task  Force.  (1989). 

Computer  experience  survey. 
Schmidt,  M.,  Weinstein,  T.,  Niemic,  R.,  &  Walberg,  H.J. 

(1985-86).  Computer-assisted  instruction  with  exceptional 

children.  The  Journal  of  Special  Education,  19(4),  493-501. 
Tohnan,  M.  N.,  &  Alked,  R.  A.  (1991).  The  computer  and 

education  (2nd  ed.).  Washington,  D.C.:  National  Education 

Assocation. 

U.S.  Congress,  Office  of  Technology  Assessment.  (1988). 
Power  on!  New  tools  for  teaching  and  learning 
(OTA-SET-379).  Washington,  D.C.:  U.S.  Government 
Printing  Office.  (ERIC  Document  Reproduction  Service  No. 
ED  295  677) 


Christine  M.  Bahr  is  Assistant  Professor  and  Director  of 
Project  ICIP,  Department  of  Special  Education,  Western 
Michigan  University,  Kalamazoo,  MI  49008-5194  e-mail: 
bahr@gw,wmich.edu 

Stephanie  L  Kenney  is  a  doctoral  candidate  and  Coordi- 
nator of  Project  ICIP,  Department  of  Special  Education, 
Western  Michigan  University,  Kalamazoo,  MI 
49008-5194 

e-mail:  kenney® gw,wmich.edu 

Alonzo  E.  Hannaford  is  Professor  and  Chairperson, 
Departtnent  of  Special  Education,  Western  Michigan 
University,  Kalamazoo,  MI  49008-5194 
e-mail:  hannaford@gw,wmich,edu 


64  Technology  and  Teacher  Education  Annuol  —  1993 

ERLC 


A  field  based  inservlce 
training  system  for 
educational  technology 
staff  development 

Terry  R.  Smith 
Bemidji  State  University 

Katt^ryn  A.  Smith 
Bemidji  State  University 


Introduction 

This  article  describes  an  innovative  university 
sponsored  field  based  delivery  system  for 
providing  educational  technology  staff  develop- 
ment Bemidji  State  University  serves  the  teacher 
education  needs  of  the  northern  one-thiid  of  Minnesota. 
This  includes  a  rural  area  of  over  58,000  square  mUes. 
Developing  the  educational  technology  skills  of  practicing 
elementary  and  secondary  school  teachers  in  rural 
Minnesota  has  provided  onx)rtunities  for  the  develop- 
ment of  new  and  innovative  staff  development  ap> 
proaches. 

With  the  incq)tion  of  any  new  innovation  in  education 
comes  the  need  for  practicing  educators  to  develop  the 
background  and  skills  necessary  to  incorporate  the  new 
innovation  into  their  teaching  practice.  With  the  growth  of 
educational  technology  this  need  has  out-paced  educators 
ability  to  develop  the  necessary  skills.  A  major  problem 
has  been  the  availability  of  adequate  inservice  opportuni- 
ties. Much  of  the  inservice  activities  to  date  have  been 
limited  to  programming  the  computer  and  word  process- 
ing. While  these  have  their  place  in  education,  much  of 
what  is  needed  has  little  to  do  with  these  skills.  Educators 
need  to  develop  the  ability  to  incoiporate  educational 
technology  into  their  teaching  and  into  their  curriculum. 
There  has  been  few  effective  staff  development  opportu- 
nities directed  at  the  number  of  skills  necessary  to  bring 
about  an  integrated  use  of  computers  in  the  curriculum 
and  teaching.  New  approaches  to  the  delivery  of  training 
are  particularly  important  in  rural  areas  where  teachers 
cannot  easily  travel  to  on-campus  training  programs. 

To  meet  the  challenge  of  providing  quality  educa- 
tional technology  inservice  programs  to  rural  area 
teachers,  Bemidji  State  University  (BSU)  in  1987 
developed  a  field  based  training  program  to  provide 
training  that  would  meet  the  individual  development 
needs  of  teachers,  focus  on  the  educational  needs  of  local 
districts,  be  accessible  to  all  teachers  in  the  BSII  service 
region,  focus  on  the  restructuring  of  the  classroom,  and 
develop  collaboration  opportunities  for  teachers,  districts 
and  BSU.  To  date  over  400  teachers  have  participated  in 
this  educational  technology  staff  development  program 
and  the  program  ^'^s  been  recognized  state- wide  as  an 
innovative  and  successful  staff  develq)ment  activity 

Realizing  that  teachers  are  not  all  at  the  same  level  of 
educational  technology  development,  nor  need  the  same 
types  and  areas  of  staff  development  of  inservice  training, 
the  field  based  training  system  allows  for  participation  in 
activities  that  meet  individual  differences  and  needs.  The 
training  program  provides  for  three  major  areas  of  staff 
development.  In  addition  teachers  may  move  from  one 
component  to  another  depending  on  their  specific  needs. 


A  told  bosod  inMn/ic«  training  $y$t«m  for  •ducotiond  technology  staff  d0V0lopm0nt  65 

73 


The  three  areas  of  staff  development  are: 

1.  developing  educational  technology  skills 

2.  integrating  educational  technology  into  the  curriculum, 
and 

3.  educational  technology  mentorship. 

Hov\^  1h#  FMd  Based  Training  System  Functions 

A  teacher  at  a  local  school  district  wishing  to  expand 
skills  in  educational  technology  selects  one  of  the  areas  of 
staff  dtwelopnent  depending  on  specific  needs.  A 
proposal  is  developed  with  the  participation  of  a  BSU 
faculty  member,  and  a  local  district  support  person 
(usually  the  district  computer  coordinator).  The  proposal 
identifies  the  outcomes  of  the  inservice  activity,  selection 
of  specific  hardware  and  software  (district  must  agree  to 
suppat  this  inservice  activity  before  BSU  will  accept  the 
proposal),  and  a  time-line  for  completion  of  activities. 
This  proposal  is  then  submitted  to  BSU  for  approval.  The 
project  is  accepted  by  BSU  and  when  completed  up  to 
three  quarters  of  college  credit  may  be  earned. 

The  steps  in  completing  a  field  based  staff  develop- 
ment activity  in  educational  technology  are  as  follows:. 

1.  Teacher  selects  an  area  of  staff  development  (based  on 
their  needs) 

2.  Teacher  develops  a  proposal  identifying  the  outcomes 
of  the  staff  development  activity. 

3.  Teacher  meets  with  local  support  person  to  obtain 
local  support  for  the  staff  development  activity. 

4.  Teacher  submits  proposal  to  BSU  faculty  sponsor  for 
approval. 

5-  Project  is  approved 

6.  Teacher  completes  proposed  staff  development 
activities  under  supervision  of  local  support  person, 
with  input  from  BSU  sponsor  as  needed. 

7.  Results  of  staff  development  activity  is  shared  with 
local  school  district. 

8.  Project  lepon  which  includes  a  plan  for  using  new 
skills  in  their  teachng  is  submitted  to  BSU  sponsor  for 
evaluation. 

9.  Up  to  3  quarter  hours  of  graduate  credit  may  be  earned 
for  the  activity. 

10.  Teacher  may  repeat  tiie  process  as  needed  to  develop 
additional  educational  technology  skills. 

During  tiie  conduct  of  tiie  project,  the  local  teacher 
will  have  tiie  support  of  tiie  local  district  (arranged  with 
BSU  prior  to  the  approval  of  tiie  project),  and  support 
from  tiie  BSU  faculty.  In  addition  Uie  field  based  training 
system  provides  for  a  mentorship  opportunity  for  local 
teachers.  This  is  one  of  the  major  strengtiis  of  Uie  field 
based  training  system.  As  local  teachers  develop  expertise 
in  educational  technology,  they  have  tiie  opportunity  to 
further  refine  tiieir  skills  by  serving  as  local  mentors  for 


other  teachers  in  process  of  developing  their  own  skills. 
The  use  of  local  mentors  greatiy  expands  the  capabilities 
of  BSU  to  deliver  inservice  opportunities  to  a  much  larger 
population,  and  in  addition  offers  additional  development 
opportunities  to  local  teachers  by  having  tiiem  serve  as 
local  mentors. 

Description  of  field  based  training  systenn  oreos 
of  staff  development 

The  field  based  training  system  consists  of  Uiree  areas 
of  staff  development.  The  first  component  involves  tiie 
teacher  in  the  awareness  and  development  of  basic 
educational  technology  applications  in  teaching.  The 
second  component  provides  tiie  teacher  witii  tiie  c^portu- 
nity  to  develop  an  understanding  to  the  potential  curricu- 
lum innovations  possible  witii  tiie  use  of  tiie  technology  in 
tiie  educational  program.  The  tiiird  cwnponent  provides 
tiie  framework  necessary  for  tiie  educator  to  develop  out- 
reach opportunities  to  share  tiieir  expertise  with  other 
colleagues. 

During  the  fost  component  of  tiie  field  based  training 
system,  teachers  have  tiie  opportunity  to  develop  back- 
ground understanding  of  technology  applications  and  tiieir 
uses  in  instruction.  This  Educational  Innovations  compo- 
nent provides  tiie  educator  with  an  indeptii  experience 
witii  the  educational  hardware  and  software  that  is 
available  in  her/his  teaching  area.  With  tiiis  experience 
comes  tiie  skills  necessary  to  use  technology  effectively  in 
teaching.  The  focus  of  tiiis  component  of  develoinnent  is 
instructional.  The  teacher  develops  the  ability  to  use 
technology  in  an  instructional/management  mode.  The 
focus  is  on  tiie  applications  of  technology  in  tiie  class- 
room. The  many  educational  benefits  on  technology  based 
teaching  are  experienced.  At  tiie  end  of  this  component  of 
development  tiie  educator  should  feel  comfcMlable  in 
using  some  technology  based  teaching  in  tiieir  classroom. 

Specific  examples  of  activities  at  tiie  Educational 
Innovations  cwnponent  include  an  indeptii  analysis  of 
available  computer  software  in  the  various  subject  / 
grade-levels.  Educators  become  familiar  with  the  different 
instiuctional  uses  of  software  such  as  utility  programs, 
word  processing,  teleconununications,  management, 
simulation,  gaming,  interview,  and  other  instructional 
metiiods.  Witiiin  each  of  tiiese  metiiods  teachers  develop 
skills  in  adaptmg  software  to  classroom  needs.  The 
teacher  options  available  on  most  modem  educational 
software  is  also  investigated.  The  individualization 
options  of  educational  software  and  its  enhancements  to 
leaning  are  also  explored. 

Educational  management  options  using  computers  are 
also  analyzed  during  the  first  component  of  tiie  field 
based  training  system.  Word-processing  skills  are 
developed  along  with  tiie  varied  educational  applications 
of  word-processing.  Developing  worksheets,  tests. 
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communications  with  pa  ents  as  well  as  record-keeping 
are  all  covered  as  a  part  of  the  management  portion  of  the 
field  based  training  system.  The  use  of  data  file  manage- 
ment in  educational  management  is  also  discussed. 
Spreadsheets  and  their  applications  in  education  are  also 
explored.  Educators  develop  the  skills  to  manage  tests 
development,  record  keeping,  grading,  as  well  as  improv- 
ing their  ability  to  communicate  with  other  teachers, 
administrators,  students,  and  parents. 

Educators  have  the  opportunity  to  develop  a  project 
directly  related  to  their  teaching  area.  They  are  encour- 
aged to  be  creative  in  their  utilization  of  educational 
technology  in  their  project.  Projects  have  ranged  from  the 
use  of  HyperCard  in  record  keeping,  to  using  Appleworks 
to  drive  a  interactive  laser  disk,  to  the  use  of  Grade 
Manager  to  keep  student  records  to  developing  an 
awareness  of  computer  applications  in  music  and  art 
education.  Educators  are  encouraged  to  develop  skills  in 
an  area  of  their  interest  or  where  they  have  a  nee.'  to 
incorporate  educational  technology  to  solve  an  educa- 
tional or  management  problem.  The  major  outcome  of 
component  one  is  the  develojnnent  of  skills  that  have 
direct  benefit  to  the  educator  and  can  be  adapted  into  their 
educational  program. 

The  focus  of  the  second  component  of  the  field  based 
training  system  is  the  development  of  curriculum  enrich- 
ment m\b  computers .  This  component  provides  tbe 
educator  with  an  understanding  of  the  applications  of 
technology  based  education  into  the  curriculum.  The 
activities  go  beyond  the  application  of  technology  in 
teaching  and  develop  skills  in  the  integration  /  modifica- 
tion of  curriculum  to  utilize  the  benefits  of  educational 
technology. 

Curriculum  modification  to  utilize  technology  has  had 
little  support  from  the  classroom  teacher.  Historically 
teachers  have  been  reluctant  to  involve  their  students  in 
any  technology  related  activities.  The  primary  excuse  for 
this  reluctance  has  been  the  lack  of  skill  on  the  part  of  the 
teacher.  Where  students  have  been  exposed  to  technology 
based  education,  it  has  been  most  likely  in  a  separate 
progriim  using  a  central  computer  lab  taught  by  a  com- 
puter teacher  or  coordinator.  Usually  there  has  been  little 
coordination  between  rhe  computer  lab  experience  and 
what  is  going  on  in  the  classroom.  This  has  resulted  in 
meager  curriculum  modification.  The  computer  experi- 
ence has  been  seen  as  a  separate  activity  with  little 
relationship  to  the  students  on  going  development. 
Component  two  offers  educators  with  the  opportunity  to 
integrate  technology  based  learning  into  the  regular 
curriculum  of  the  classroom. 

During  the  curriculum  enrichment  component  of  the 
field  based  training  system  teachers  develop  skills  in 
curriculum  development.  They  focus  on  Uie  potentials  of 
technology  based  education  and  methods  of  modifying 


curriculum  to  include  technology  based  education  as  a 
regular  delivery  method  in  the  curriculum. 

Componerkt  three  provides  the  educator  with  the 
opportunity  to  refine  their  skills  and  develop  skills  in  the 
inservice  of  colleagues  in  using  technology  in  their 
teaching.  This  educational  technriogy  inservice  cadre 
component  of  the  field  based  uaining  system  addresses 
the  ongoing  need  of  staff  development  in  education.  A 
major  outcome  of  this  field  based  training  system  is  the 
development  of  educators  with  the  background  and  skills 
necessary  to  conduct  staff  inservice  in  the  area  of  educa- 
tional technology  in  their  area.  In  rural  areas  this  impact 
may  be  on  a  district  wide  basis,  while  in  urban  areas  the 
inservice  maiy  be  directed  at  a  specific  grade  level  or 
subject  area.  What  ever  the  focus  of  the  inservice  it  is 
important  that  the  field  based  training  system  be  receptive 
to  changes  in  technology  and  provide  for  continuous 
upgrading  of  those  involved  in  the  process. 

The  educational  technology  inservice  cadre  will 
provide  a  needed  service  to  the  educational  community  by 
making  staff  development  available  to  a  greater  number 
of  educators  in  addition  to  providing  encouragement  to 
those  reluctant  to  incorporate  technology  based  opportuni- 
ties to  their  students.  Having  field  based  individuals 
involved  in  the  updating  of  educational  technology  skills 
provides  may  benefits.  Classroom  teachers  who  have  been 
successful  in  using  technology  in  teaching  provide  an 
excellent  field  based  training  system  to  other  teachers  in 
their  district.  They  have  an  understanding  of  the  limita- 
tions within  then*  schools  and  are  able  to  demonstrate 
strategies  for  overcomming  those  limitations.  This  does 
much  to  reduce  many  of  the  excuses  that  some  teachers 
use.  Another  major  benefit  is  that  field  based  teachers 
have  the  opportunity  to  first  hand  evaluate  the  effective- 
ness of  computer  applications  in  the  classroom.  As  a 
member  of  a  cadre,  they  will  have  the  oj^rtunity  to 
share  their  observations  with  other  cadre  members.  This 
sharing  of  ideas  will  enhance  the  utilization  of  educational 
technology  in  education. 

Outconnes 

Input  from  participants  as  others  have  identified 
several  areas  of  positive  outcomes  fi'om  this  field  based 
training  system  for  educational  technology  staff  develop- 
ment. The  following  identifies  some  of  the  benefits  of  the 
system  to  the  teacher,  the  local  school  district  and  to  BSU. 

Benefits  to  the  teacher  include: 

1 .  Opportunity  to  develop  educational  technology  skills 
that  can  be  used  in  the  . 

2.  Skills  in  upgrading  and  restructuring  their  curriculum. 

3.  Opportunities  and  framework  that  supports  sharing  of 
skills  and  ideas  with  fellow  teachers. 

4.  Opportunity  to  upgrade  teaching  skills  in  a  convenient 
time  frame. 
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5  Opportunity  to  earn  graduate  credit  in  an  area  of 

professional  development  need. 
6.  Developing  skills  in  using  resources  that  are  available 

after  the  training  ends. 

Benefits  to  the  local  school  district: 

1 .  Capability  of  offering  high  quality  and  cost  efficient 
staff  develc?)ment  opportunities  to  a  small  number  of 
teachers. 

2.  Input  into  the  staff  development  activities  of  their 
teachers. 

3.  Greater  utilization  of  educational  technology  resources 
in  the  school. 

4.  Site  specific  training  opportunities 

5.  Forum  for  sharing  staff  development  needs  wiUi 
higher  education. 

Benefits  to  BSU 

1.  Structure  to  meet  the  needs  of  many  distant  learners 

2.  Better  utilization  of  university  resources. 

3.  Ability  to  deliver  high  cost  training  at  reduced  cost  to 
the  institution. 

4.  Forum  for  addressing  local  school  needs. 

5.  Opportunity  to  provide  leadership  in  service  region  in 
area  of  educational  technology. 

6.  Opportunity  for  the  recruitment  of  graduate  students. 

In  addition  the  field  based  training  system  provides  a 
framework  for  the  delivery  of  educational  technology 
based  staff  development.  That  framework  provides  for  the 
training  of  trainers  to  be  sensiti^^e  to  the  instructional 
innovations  that  educational  technology  has  brought  to 
education  as  well  as  to  the  curriculum.  In  addition,  the 
field  based  training  system  provides  for  interaction  among 
the  participants  that  will  enhance  conmiunicaiion  within 
in  and  among  districts.  An  ongoing  dialogue  on  the  issues 
related  to  technology  in  education  as  well  as  the  basis  for 
an  integrated  staff  development  program  provide  a  field 
based  training  system  that  can  be  used  in  other  educa- 
tional program  areas  as  well.  Making  quality  staff 
development  opportunities  available  to  educators  is  a 
major  concern  of  teacher  education  institutions.  Develop- 
ing a  framework  to  tacilitate  and  ensure  the  delivery  of 
quality  programs  is  the  major  outcome  of  this  staff 
development  activity. 
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The  use  of  technology  in  mathematics  education  has 
the  potential  to  shift  the  focus  of  instruction  from 
an  emphasis  on  manipulative  skills  and  algo- 
rithms to  an  emphasis  on  developing  concepts,  relation- 
ships, and  strucnires  (Corbitt,  1985).  If  allowed,  technol- 
ogy could  play  two  powerful  roles  in  the  cbange  process: 
one  as  a  catalyst  for  change  of  curriculum  and  instruc- 
tional strategies  and  another  as  a  resource  that  could 
facilitate  the  transformation  of  teaching  and  learning 
(David,  1990).  In  particular,  the  integration  of  calculators 
into  the  mathematics  curriculum  mandates  that  the 
computational  focus  of  the  curriculum  be  eliminated  and, 
at  the  same  time,  provides  the  power  for  an  investigative, 
problem-solving  approach  to  be  incorporated.  Tlie  union 
of  curriculum  reform  and  technology  creates  a  much  more 
powerful  force  for  change  that  either  (Joes  alone. 

llie  National  Council  of  Teachers  of  Mathematics 
(iNCTM)  has  attempted  to  tap  this  powerful  force  for 
change  by  formally  renewing  its  efforts  to  encourage 
mathematics  educatc«*s  to  reform  the  curriculum  and 
incorporate  more  technology  into  classroom  instruction 
and  activities.  The  organization  has  challenged  educators 
to  change  both  Uie  instructional  and  curriculum  compo- 
nents in  iwo  of  their  recent  publications.  Tbe  Curriculum 
and  Evaluation  Standards  for  School  Mathematics 
(NCTM,  1989)  emphasizes  problem  solving,  bigher-level 
thinking,  dxA  communication  and  provides  criteria  for 
incorporating  calculators  into  the  school  mathematics 
curriculum.  The  Professional  Standards  for  Teaching 
Mathematics  (NCTM,  1991)  advances  the  vision  of  high- 
quality  instruction  through  the  use  of  technology.  It  is 
now  the  task  of  educators  to  determine  effective  methods 
for  producing  these  curriculum  reforms  and  impl^enta- 
tion  changes  in  schools. 

The  literature  on  educational  change  indicates  that 
teacher  involvement  in  the  planning  and  development 
stages  of  an  innovation  is  a  significant  factor  in  its 
unplementation.  Stein  and  Wang  (1988),  for  example, 
have  examined  curriculum  development  and  implementa- 
tion and  found  that  innovations  may  produce  disappoint- 
ing outcomes,  not  because  of  inadequacies  of  the  innova- 
tive idea,  but  because  of  lack  of  teacher  involvement  in 
the  development  of  the  innovation.  It  is  thtough  the 
teaching  process  that  classroom  teachers  create  meaning 
for  a  new  curriculum  (Morin,  1986).  In  the  final  analysis, 
it  is  classroom  teachers  who  implement  the  curriculum, 
adapt  it  to  tbe  needs  of  their  students,  and  inject  into  it 
their  individual  teaching  styles.  Quite  simply,  a  new 
innovative  curriculum  is  not  what  a  professional  reformer 
has  designed  but  rather  what  the  teacher  has  made  it.  V/ith 
regard  to  technology  and  mathematics  education,  Uie 
question  remains  whether  a  traditional  approach  to 
teacher  inservice  is  adequate  to  create  Uie  necessary 
changes  of  whether  a  new  approach  which  more  actively 
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involves  teachers  in  the  development  of  the  innovation  is 
necessary  to  change  implementation  processes. 

The  puqK)se  of  the  present  study  was  to  investigate 
the  effects  of  teacher  involvement  in  curriculum  develop- 
ment on  (a)  teacher  implementation  of  calculators  in  the 
classroom  and  (b)  student  mathematics  p-oblem-solving 
achievement.  Since  it  was  hypothesized  that  differences 
between  groups  of  teachers  on  classroom  calculator 
Implementation  could  merely  indicate  differences  in  the 
groups*  attitudes  toward  calculator  use,  it  was  necessary 
to  account  for  teachers'  attitudes  toward  calculators  when 
investigating  the  effect  of  teacher  involvement  on  the 
implementation  process.  Therefore,  three  groups  were 
specifically  compared  for  this  study. 

The  present  study  compared  the  implementation 
process  of  teachers  who  had  high  attitudes  toward 
caiculatcKs  to  teachers  who  had  low  attitudes  toward 
calculators,  and  compared  teachers  who  were  involved  in 
curriculum  development  with  teachers  who  were  not 
involved  in  that  aspect  of  the  program.  Group  1  consisted 
of  teachers  who  were  found  to  have  high  attitudes  toward 
calculators  and  were  members  of  curriculum  development 
teams  which  were  developing  calculator  mathematics 
activities.  Group  2  consisted  of  teachers  who  also  were 
found  to  have  high  attitudes  toward  calculators  but  were 
not  members  of  a  curriculum  development  team.  Group  3 
consisted  of  teachers  who  were  found  to  have  low 
attitudes  toward  calculators  and  were  not  members  of  a 
curriculum  development  team.  Calculators  were  issued  to 
every  middle  school  matliematics  student  so  the  technol- 
ogy was  present  in  the  classrooms  of  all  three  groups  of 
teachers.  It  was  hypothesized  that  teachers'  attitudes 
toward  calculators  as  well  as  teacher  involvement  in 
curriculum  development  would  affect  the  implementation 
process  and  the  frequency  of  calculator  use  in  classrooms. 
Of  particular  interest,  was  wheUier  teacher  attitude  toward 
calculators  was  the  overriding  factor  which  affected  the 
unplementation  process,  or  if  other  factors  (i.e.,  teacher 
involvement  in  curriculum  development)  also  played 
important  roles. 

The  problem-solving  achievement  scores  from 
students  of  each  of  the  three  groups  of  teachers  also  were 
compared  to  determine  what  effect  teacher  involvement  in 
the  develq)ment  of  the  innovation  had  on  student 
achievement.  It  was  anticipated  that  the  students  from  the 
curriculum  development  group  would  score  significantiy 
higher  on  the  problem-solving  test  than  the  students  of  tiie 
otiier  teachers  because  of  the  problem-solving  emphasis 
for  the  calculator  activities  tiiat  were  being  developed  at 
Uie  time. 

Methods 

The  subjects  were  45  middle-school  (grades  6-8) 
mathematics  teachers  from  a  large,  urban/suburban  school 


district  located  in  a  major  metropolitan  city  in  the  souUi 
central  region  of  tiie  United  States.  These  teachers  and 
their  students  are  part  of  a  nationally  funded  project 
involving  die  unplementation  of  calculators.  Each  middle- 
school  mathematics  teacher  in  the  district  received  12 
hours  of  inservice  training  on  die  use  of  calculators,  and 
each  of  theu*  students  was  issued  a  calculator.  The  data  for 
this  study  was  collected  during  the  first  year  of  the 
project. 

SixUi  and  seventii  grade  students  were  issued  Texas 
Instrumaits  Matii  Explorer  calculators,  and  eighth  grade 
students  were  issued  TI-30  SLR+  scientific  calculators. 
Students  were  to  be  allowed  to  use  their  calculators  in  any 
class  and  to  take  them  home  for  homework  purposes.  It 
was  the  intent  that  students  experience  "ownership"  of  die 
calculator  so  that  their  confidence  and  trust  in  tiieir  ability 
to  use  tiie  instrument  would  be  heightened  and  would 
encourage  tiie  students  to  experinient  more  and  investi- 
gate mathematical  ideas. 

The  Calculates  Teacher  Attitudes  Scale  (Bitter,  1980) 
was  used  to  measure  teachers'  initial  attitudes  toward 
calculators  and  to  identify  tiiree  groups:  (a)  teachers  who 
had  high  attitudes  toward  calculators  and  were  members 
of  a  writing  team  which  was  developing  calculator 
mathematics  curriculum  (Group  1),  (b)  teachei.5  who  had 
high  attitudes  toward  calculatcKs  and  were  not  members 
of  a  writing  team  (Group  2),  and  (c)  teachers  who  had  low 
attitudes  toward  calculators  and  were  not  members  of  a 
writing  team  (Group  3).  The  calculator  attitude  scale  was 
administered  to  tiie  teachers  prior  to  the  calculator 
inservice  training.  No  teachers  on  tiie  writing  teams  were 
found  to  have  low  attitudes  toward  calculators. 

Each  teacher  was  observed  four  times  during  the 
school  year  by  trained  classroom  observers.  Teachers  had 
no  indication  as  to  when  they  would  be  observed.  There 
were  a  total  of  sixty  45-minute  observations  for  each  of 
tiie  Uu-ee  groups  of  teachers  (180  total  observations).  The 
Observation  Rating  Scale  for  Calculator  bnplementation 
(ORSCI)  (Williams,  Waxman,  &  Copley,  1991)  was  used 
to  measure  die  amount  of  calculator  use,  to  assess  the 
quality  of  tiie  calculator  instruction,  and  to  identify  die 
kinds  of  activities  in  which  students  are  involved  when 
tiiey  ise  calculators.  Seventeen  indicators  measured  the 
quantity  and  quality  of  calculator  instruction  and  use. 
Mean  scores  for  each  teacher  were  computed  for  every 
item.  From  those  scores,  mean  scores  for  each  of  the  three 
groups  were  computed  for  each  indicator  and  analyzed 
using  one-way  analyses  of  variance. 

In  addition,  maUi  basic  skills  and  problem-solving 
achievement  of  the  students  of  each  of  die  teachers  was 
assessed.  A  modified  version  of  the  Essential  Elements  of 
Elementary  Mathematics  Test  (White,  1986)  was  admin- 
istered in  early  fall  as  a  pre-achievement  measure  and  was 
used  as  a  covariale  in  Uie  analysis.  The  Four-Step 
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Problem  Solving  Test  (Hofmann,  1986)  was  administered 
in  late  spring  as  a  post-achievement  measure.  An  analysis 
of  covariance  ( ANCOV  A)  was  used  to  compare  the  three 
groups  on  student  problem-solving  achievement. 

Results 

One-way  analyses  of  variance  were  used  to  compare 
the  three  groups  of  teachers  on  each  of  20  items  and  on 
the  overall  score  from  the  Calculator  Teacher  Attitudes 
Scale.  Statistically  significant  (p<.01)  differences  were 
found  for  13  of  the  20  items  and  for  the  overall  score.  The 
Duncan  post  hoc  test  was  used  to  detennine  where  the 
differences  between  the  groups  were.  In  each  of  these  14 
cases,  no  significant  differences  were  identified  between 
Groups  1  and  2  (high  atUtude  groups),  but  Groups  1  and  2 
scored  significanUy  higher  than  Group  3  (low  attitude 
group).  It  was  determined  that  the  effort  to  select  groups 
of  teachers  with  differing  attitudes  toward  calculat(xs  had 
been  successful. 

Of  the  nine  indicators  used  to  assess  classroom 
instruction  with  calculators  for  each  of  the  45  teachers, 
four  revealed  significant  (p<.05)  differences  among  the 
three  groups  of  teachers  (Table  1).  Teachers  involved  in 
tlie  curriculun)  development  (Group  1)  were  observed 
significantly  more  often  than  those  teachers  not  directly 
involved  in  the  curriculum  development  process  (Groups 
2  and  3)  to  (a)  explain  the  relationship  between  the 
calculator  procedure  and  the  paper-and-pencil  algorithm, 
(b)  stress  the  use  of  the  calculator  as  a  "time-saver'',  (c) 
stress  the  use  of  the  calculator  as  a  **problem-solving" 
tool,  and  (d)  initiate  use  of  calculators  in  the  classroom. 
For  each  of  these  four  indicators,  no  significant  differ- 
ences between  the  two  non-writing  groups  (Groups  2  and 
3)  were  found.  For  the  three  groups  in  this  study,  it 
appears  that  teacher  involvement  rather  than  attitude 
toward  calculatcws  or  teacher  calculator  inservice  is  the 
major  factor  affecting  classroom  implementation. 

No  significant  (p<.05)  differences  among  the  three 
groups  were  found  for  the  percentage  of  students  who 
brought  their  calculators  to  class  or  for  the  percentage  of 
class  time  calculators  were  used.  For  these  three  groups,  it 
appears  that  !ieither  teacher  altitude  nor  teacher  involve- 
ment affect  the  quantity  of  student  calculator  use. 

Three  of  the  six  classroom  calculator  activity  indica- 
tes revealed  significant  (p<.05)  differences  among  the 
three  groups.  In  classrooms  of  teachers  who  were  in- 
volved in  creating  calculator  materials  (Group  1),  students 
were  observed  significanUy  more  often  than  those  in 
classes  of  teachers  not  directly  involved  in  curriculum 
development  ((jroups  2  and  3)  to  use  calculators  for  (a) 
exploration  and  Induction  activities,  (b)  solving  routine 
word  problems,  and  (c)  self-checking  and  verifying 
answers.  No  significant  differences  between  the  two  tkm- 
wriUng  groups  (Groups  2  and  3)  were  found  for  any  of  the 


six  indicators. 

These  fmdings  indicate  that  active  teacher  participa- 
tion in  curriculum  reform  involving  technology  rather 
than  teacher  attitude  toward  calculators  is  a  major  factor 
affecting  classroom  calculator  implemtntation  and 
teacher  selection  of  student  activities.  Of  concern, 
however,  is  the  low  percentage  of  time  students  in  any  of 
the  three  groups  were  observed  using  calculators  for  (a) 
exploration  and  induction  activities,  (b)  solving  routine  as 
well  as  non-routine  word  problems,  and  (c)  games.  Few 
observations  of  these  activities  should  indicate  that 
students  are  not  being  given  sufficient  problem-solving 
opportunities.  The  fmdings  from  the  problem-solving 
achievement  measure  support  this  assumption. 

Significant  (p<.05)  differences  among  the  adjusted 
student  mean  scores  of  the  three  groups  were  found  on 
one  of  the  four  scales  of  the  student  problem-solving 
measure  (Table  2).  On  the  scale,  understand  the  problem, 
the  adjusted  means  of  Groups  2  and  3  were  higher  than 
that  of  Group  1.  No  significant  differences  were  found  on 
the  other  three  scales:  select  an  appropriate  strategy,  fmd 
a  solution,  or  extend  the  problem.  The  adjusted  mean 
student  total  scores  of  Groups  2  and  3  were  also  signifi- 
cantly higher  than  Group  1.  It  should  be  noted  that  the 
highest  possible  mean  score  for  each  scale  was  10.  Hence, 
each  group  (on  an  average)  successfully  answered  only  4 
out  of  10  questions  for  each  scale. 

No  significant  differences  were  found  when  the 
problem-solving  achievement  data  was  analyzed  by  grade 
level.  Also,  the  group  by  grade  interaction  was  not 
significant. 

Discussion 

It  appears  that  teacher  involvement  in  the  develop- 
ment of  mathematics  calculator  curriculum  has  an 
immediate  positive  effect  on  teachers*  instructional 
strategies,  but  not  on  students*  problem-solving  achieve- 
ment. In  fact,  concentration  on  the  implementation  of 
calculators  during  the  initial  stages  of  the  innovation 
development  appears  to  have  a  negative  effect  on  prob- 
lem-solving instruction.  These  results  indicate  that  the 
curriculum  develq>ers  may  have  been  so  focused  on 
identifying  opportunities  for  calculator  use  that  they  did 
not  include  sufficient  non-routine  problem-solving 
activities.  In  contrast,  those  teachers  who  concentrated 
less  on  calculator  implementation  appear  to  have  better 
prepared  their  students  for  solving  non-routine  problems. 
Increased  focus  on  using  the  calculator  for  exploration 
and  problem-solving  activities  is  needed. 

Research  summarized  by  Louckj;-Horsley  and  Hergert 
(1985)  indicates  that  it  takes  between  tliree  and  five  years 
for  the  change  process  to  become  totally  incorporated  into 
a  teacher's  instructional  approach.  According  to  Omstein 
and  Hunkins  (1988)  sufficient  rime  must  be  allowed  for 
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Analyses  of  Variance  on  Classroom  Calculator  Implementation,  Amount  of  Student  Colculotor  Use, 
and  Student  Activities  


Group  1 

Group  2 

Group  3 

Survey  Item 

n=15 

n  = 

15 

n  = 

15 

Post  Hoc 

M 

SD 

M 

SD 

M 

SD 

F 

P 

Classroom  Instruction 

.105 

•  /\11UWJ>  Oo  WJ  u^^it/iuiiin^ 

.47 

.21 

.37 

.21 

.30 

.22 

2.37 

appropriate  use  of  calc. 

.10 

2.09 

.137 

•  Emphasizes  importance 

.13 

.21 

.03 

.09 

.05 

of  estimation  with  calc. 

1>2.3 

•  PYnlaiTi<:  rplfltinnshin 

.25 

.16 

.07 

.11 

.07 

.11 

9.52 

.000 

hptwppn  rfllr  A"  naner- 

and-pencil  algorithm. 

.041 

1>2,3 

•  ^trpQQ/*<i  IKP  nf  c^i\c 

.25 

.16 

.13 

.13 

.12 

.16 

3.44 

as  "time- saver". 

.010 

1>2.3 

•  Stresses  use  of  calc.  as 

.22 

.16 

.10 

.13 

.07 

.11 

5.10 

"problem-solving  tool". 

2.58 

.088 

•  Demonstrates  use  of 

.27 

.24 

.13 

.19 

.12 

.16 

calculator. 

1>2,3 

•  Initiates  use  of  calc. 

.45 

.24 

.27 

.26 

.23 

.18 

4.00 

.026 

•  Ss  use  calculators  dur- 

.28 

.28 

.20 

.17 

.15 

.18 

1.44 

.248 

ing  tchr  demonstration. 

•  Ss  initiate  use  of  calc. 

.35 

.16 

..iO 

.29 

.30 

.17 

0.28 

.760 

Student  Calculator  Use 

.057 

•  Percentage  of  Ss  who  have 

.74 

.14 

.61 

.20 

.63 

.12 

3.08 

calculators  at  their  desks/tables. 

•  Percentage  of  time  Ss 

.46 

.15 

.38 

.21 

.38 

.17 

0.86 

.431 

(who  have  calculators) 

use  them. 

Student  Activities  With  Calculators 

•  Use  calculators  for 

.63 

.23 

.47 

.28 

.45 

.24 

2.47 

.096 

computation. 

6.75 

.003 

1>2,3 

•  Use  calculators  for  explor- 

.20 

.17 

.05 

.10 

.05 

.10 

ation/induction  activities. 

1>2.3 

•  Use  calculators  for  solving 

.27 

.20 

.13 

.19 

.07 

.15 

4.84 

.013 

routine  word  problems. 

.095 

•  Use  calculators  for  solving 

.12 

.13 

.03 

.09 

.05 

.10 

2.49 

non-routine  word  problems. 

.006 

1>2.3 

•  Use  calculators  for  self- 

.40 

.16 

.27 

.22 

.17 

.18 

5.79 

checking/verifying  answers. 

1.96 

.154 

•  Use  calculators  for  games. 

.05 

.10 

.02 

.06 

.00 

.00 

Note,  df  for  all  items  =  2,42. 


an  innovation  to  be  developed  and  incorporated  before  an 
accurate  assessment  of  its  long-tcnn  effects  on  students 
can  be  determined.  With  this  in  mind,  increased  teacher 
attention  needs  to  be  directed  toward  calculator  use  in 
problem-solving  situations. 
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Table  2 

One-way  Analyses  of  Covariance  on  Scales  of  Student  Problem-Solving  Achievement:  Mean  Scores 
Adjusted  


Survev  Item 

Group  1 

n  =  IS 

M 

SD 

Group  2 

n  =  15 
M  SD 

Group  3 
n=  15 
M  SD 

P 

Post  Hoc 

Understand  the  Problem 

4.00 

.11 

4.33 

.11 

4.37 

.11 

3.25 

.049 

2,3>1 

Select  an  appropriate 
strategy 

3.82 

.11 

3.99 

.11 

4.17 

.11 

2.60 

.087 

Find  a  solution 

3.74 

.10 

4.00 

.11 

4.05 

.11 

2.53 

.092 

Extend  the  problem 

3.59 

.10 

3.83 

.11 

3.97 

.11 

3.20 

.051 

Total  score 

15.15 

.38 

16.15 

.40 

16.56 

.40 

3.41 

.043 

2,3>1 

Note,  df  for  all  items  =  3,40. 
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Institutions  of  higher  education  with  a  mission  to 
provide  teacher  education  to  rural  communities  have 
a  distinci  challenge  when  the  training  includes 
technology  education.  At  Northern  Arizona  University,  an 
in-service  technology  lab  known  as  AZTEC  (Arizona 
Technology  Education  Conceptions)  was  created  to 
provide  technological  updating  to  rural  Arizona  voca- 
tional teachers.  The  uniqueness  of  the  technology  lab  was 
its  intended  capability  to  serve  as  an  on-site  multimedia 
laboratory  for  visiting  educators  and  a  transportable 
demonstration  lab  for  15  rural  county  secondary  schools 
covering  100,000  square  miles.  The  question  of  upgrading 
teachers  technologically  in  geographically  distant  districts 
in  an  accessible  and  functional  manner  has  perplexed 
many  teacher  trainers. 

Technology  Training  for  ToachofS 

Business  and  industry  across  the  United  States  have 
criticized  education  for  not  training  youth  to  enter  the  job 
market  with  current  technological  skills.  The  foundation 
of  such  a  goal  demands  that  the  trainers  of  young  people, 
the  teachers,  be  skilled  in  facilitating  the  utilization  of 
technology.  As  noted,  "Education  has  been  one  of  the  last 
professions  to  adopt  technology  as  an  integral  component 
of  the  teaching-learning  process.  In  too  many  classrooms, 
the  lecuire,  textbook,  and  chalkboard  constitute  the  major 
insouctional  delivery  system"  (Beardslee  &  Davis,  1989). 
Quality  training  for  teachers  has  been  cited  as  one  of  the 
most  important  factors  in  the  advancement  of  education 
(Bruder,  1988),  and  the  incorporation  of  technology  into 
the  education  or  teachers  has  been  cited  as  a  primary  goal 
(U.S.  Department  of  Education,  1992).  A  variety  of 
panels  oi  educational  excellence  has  reconunended  that 
faculty  utilize  active  modes  of  teaching  such  as  interactive 
technology  which  would  require  students  to  take  more 
responsibility  for  their  learning  (see,  e.g..  Study  Group  on 
the  Conditions  of  Excellence,  1984). 

Why  have  teachers  not  embraced  technology  as 
eagerly  as  one  would  expect?  Research  supports  that 
teachers  teach  as  they  were  taught,  few  teachers  have  skill 
in  utilizing  technology  outside  of  traditional  audio-visual 
media  and  basic  computer  applications,  and  school 
curricula  predominately  involve  text-based  materials 
(Taylor  &  Cunniff,  1988;  see,  also,  Weber  &  Puleo, 
1988).  However,universities  and  coUeges  often  have 
technological  resources  which  should  be  utilized  in  die 
training  of  future  teachers.  These  resources  range  from 
electronic  networks  to  computers  to  multimedia.  Such 
resources  are  powerful  teaching  and  learning  tools  but  are 
not  always  accessible  or  centralized  for  academic  instruc- 
tion. Reynolds  and  Anderson  (1992)  pointed  out  the  need 
for  changes  in  teaching  and  learning  opportunities 
through  internal  and  external  partnerships  of  technologi- 
cal resources,  and  Martorella  (1989)  reminded  universi- 
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ties  that  teachers  will  require  both  pre-service  and 
in-service  training  programs  in  order  to  implement 
technological  tools  into  their  classroom  activities. 

The  research  on  computers  and  computer-related 
technology  utilized  by  secondary  teachers  has  increased 
since  1975.  Some  studies  have  indicated  negative  teacher 
attitudes  towards  instructional  computer  use  (see,  e.g., 
Lichtman,  1979;  Walker,  Keepes,  &  Chang,  1992).  Other 
research  has  reported  increasing  interest  and  enthusiasm 
on  the  part  of  educators  (Newman,  1982;  Slowiczek, 
1987).  Some  rural  students  have  received  instructiwi  in 
technology  through  the  nontraditional  route  of  mobile 
facilities  centers.  McCauley  (1982)  reported  the  mobile 
center  as  a  cost  effective  delivery  system  to  sparsely 
populated  areas  with  "facility  mobility  ...  of  major 
importance  because  it  provides  access  to  education 
programs  in  the  student's  own  school  district"  (p.  66). 
However,  there  is  limited  research  on  the  specific  needs 
and  directions  of  technology  in  rural  education  as  it 
relates  to  pre-and  in-service  education  (Chambers  & 
Bork,  1980;  Jansen,  1988;  Lysiak,  1976;  McGrath, 
Thurston,  &  McLeUan,  1990). 

A  Rural  Teacher  and  University  Exchange  Project  in 
Pennsylvania  addressed  major  problems  facing  rural 
educators  (McKee  &  Perkins,  1992).  The  following 
concenis  were  identified  which  affect  in-service  technol- 
ogy training  for  rural  teachers:  (1)  teacher  isolation  and 
therefore  fewer  in-service  opportunities,  (2)  isolation 
from  the  local  community  where  parents  view  education 
as  an  obstacle  and  not  an  opportunity,  (3)  fragmentation 
of  high  school  cur-iculum  and  lack  of  content  integration, 
and  (4)  lack  of  incentives  or  rewards  for  excellence  in  the 
classroom  or  from  professicnial  growth.  Research  in  rural 
settings  has  pointed  out  that  technology  resources  consist 
mainly  of  computers  and  that  computers  are  primarily 
utilized  for  word  processing  in  the  classroom  (see,  e.g., 
Peltier,  Foldesy,  Holman,  &  Matranga,  1992).  More 
recently,  Arizona  rural  school  teachers  have  indicated  a 
strong  interest  in  courses  or  in-service  training  on 
computers  and  other  technology  (Bush,  1990;  Bush, 
1991),  and  other  rural  school  districts  around  the  nation 
have  increased  opportunities  for  professional  develop- 
ment because  of  technology  (Committee  on  Education 
andUbor,  1991). 

Purpose  of  AZTEC 

In  1991,  the  Arizona  Center  for  Vocational/Techno- 
logical Education  at  Northern  Arizona  University  identi- 
fied technology  training  for  rural  secondary  educators  as  a 
priority.  The  AZTEC  lab  was  implemented  to  provide 
on-site  and  field-based  opportunities  for  teachers  to 
explore  and  experiment  with  mullimcdia  hardware  and 
software  not  available  in  rural  school  districts.  With  the 
goal  to  support  die  infusion  of  technology  into  vocational/ 


technological  education  in  the  state,  AZTEC  was  pro- 
moted as  a  small  learning  lab  where  multimedia  could  be 
viewed  as  a  supplement  and  alternative  delivery  to 
traditional  teaching  and  learning.  Teachers  were  encour- 
aged to  preview  prepared  lessons  in  a  variety  of  voca- 
tional disciplines  and  to  determine  f^tential  usages  for 
technology  by  experimenting  with  multimedia.  Th-  .ab 
was  not  intended  to  change  primary  teaching  styles  but 
offered  an  understanding  of  technological  choices  for 
student  learning. 

A  variety  of  multimedia  equipment  is  available  in  the 
AZTEC  lab  on  the  campus  of  the  University.  This 
equipment  is  also  available  for  check  out  to  rural  school 
districts  on  a  competitive  basis.  A  hypergraphics  system, 
video  equipment,  multi-dimensional  computer  systems, 
and  visual  presentation  equipment  are  examples  of  the 
most  frequently  utilized  equipment  Most  of  the  rural 
schools  and  their  vocational/technological  teachers  have 
not  had  access  to  technological  equipment  in  the  class- 
room, and  their  familiarity  with  technology  in  general  is 
limited. 

First- Year  Results 

During  the  fu-st  year  of  the  AZTEC  lab,  a  survey  was 
utilized  to  collect  data.  Lab  participants  were  requested  to 
identify  their  position  and  rate  AZTEC  equipment  as  to 
pei'sonal  interest  and  utility  in  participants'  educational 
settings.  Additionally,  two  open-ended  questions  were 
asked:  (1)  What  additional  equipment  would  you  like  to 
see  in  the  AZTEC  lab?  and  (2)  What  was  your  overall 
impression  of  diie  AZTEC  lab? 

AZTEC  lab  endeavors  in  Uie  first  year  have  consisted 
primarily  of  demonstrations  and  small  group  hands-on 
activities  ranging  from  three  to  thirty  vocational/  techno- 
logical teachers.  Short  demonsu^tions,  ranging  from  30 
minutes  to  2  hours,  and  sn-all-group  in-service  activities, 
ranging  from  3  hours  to  2  days,  have  been  ouered  to  157 
teachers.  With  educators  inviting  their  students  and 
administrators  to  the  lab,  die  number  of  people  served 
increased  to  390.  The  variety  of  interests  ranges  from 
teachers  of  rural  incarcerated  youth  programs  to  teachers 
in  the  fields  of  applied  mathematics,  business  education, 
and  home  economics.  Additionally, AZTEC  equipment 
was  implemented  into  two  summer  in-service  institutes  in 
which  teachers  focused  on  the  integration  of  academic 
and  vocational  education. 

Rural  vocational/technological  teachers  have  re- 
quested demonstration  of  die  Hypergraphics  system  most 
frequently.  The  Liteshow  system  has  been  noted  as  the 
technology  which  has  most  direct  applicability  and 
usefulness  in  teachers'  classrooms.  The  Hypergraphics 
system  and  the  pad  camera  (a  mounted,  lighted  digitized 
camera  which  enlarges  objects  in  3-D)  are  equipment 
most  frequently  requested  for  future  loan  to  rural  school 
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districts.   

Participants  in  the  AZTEC  lab  suH>ort  tbe 
University's  innovation  and  the  philosophy  of  the  lab. 
The  teachers  believe  that  with  continued  in-service 
training  they  can  harness  the  power  of  multimedia  to 
change  their  classrooms  into  more  dynamic  experiences 
for  students.  Moreover,  teachers  have  indi. :  lea  d  belief 
that  multimedia  can  aid  in  the  development  of  critical 
thinking  of  students.  As  one  teacher  stated,  "We  don't 
have  the  money  for  this  type  of  equipment  but  when  we 
do,  at  least  I  have  had  the  opportunity  to  learn  about 
multimedia  resources  and  will  be  prepared  with  a  pur- 
chase order  in  hand!" 

Probleim  Encountered 

A  major  problem  encountered  in  implementing  the 
AZTEC  lab  was  the  ordering  of  equipment  The  Univer- 
sity purchasing  and  accounting  systems  at  that  time 
allowed  for  orders  from  the  slate-account  bid  lists  with 
specific  vendors.  Therefore,  AZTEC  requests  external  to 
the  bid  list  were  rejected  at  first.  Once  the  situation  was 
resolved,  vendors  both  on  and  off  the  bid  list  were 
engaged,  and  AZTEC  was  able  to  order  specific  equip- 
ment at  competitive  prices. 

As  expected,  time  was  a  critical  component  to  the 
process.  AZTEC  equipment  was  purchased  from  federal 
vcKational  grant  monies  which  were  to  be  returned  to  the 
general  fund  if  not  encumbered  within  a  one-month 
period.  In  order  to  utilize  the  monies,  equipment  needed 
to  be  ordered  with  the  condition  that  the  equipment  be 
delivered  to  the  University  within  75  days.  Unfortunately, 
two  multhnedia  systems  were  not  delivered  within  the 
deadline  and  therefore  orders  were  canceled. 

Since  some  of  the  equipment  had  not  been  demon- 
strated to  AZTEC  personnel  and  was  ordered  based  on 
telephone  conversations  and  written  literature,  some 
systems  were  not  complete  upon  delivery.  Consequently, 
the  AZTEC  lab  has  required  additional  purchases  beyond 
the  initial  funding.  It  is  reconmiended  that  futurc  pur- 
chases involve  a  longer  period  of  investigation  and  direct 
access  and  demonstrations  to  equipment. 

What's  Next? 

Rural  teachers  in  Arizona  utilize  computers  in  their 
classrooms;  however,  multimedia  equipment  is  not  as 
available.  ITie  collection  of  data  which  will  clarify  and 
more  accurately  identify  the  needs  of  rural  vocational/ 
technological  educators  will  be  accomplished  in  the  future 
through  a  revised  survey  and  a  restructured  process  of 
data  gathering.  A  multitude  of  questions  needs  to  be 
answere^l.  For  example,  "How  has  technology  impacted 
rural  vocational/technological  teachers  and  .students?** 
Additional  studies  need  to  be  condu'^ted  which  offer  a 
greater  under  landing  of  the  quality  of  education  in  rural 
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schools  and  the  relationship  to  technology.  What  kinds  of 
technology  would  be  most  beneficial  to  teachers  in  rural 
settings?  What  technology  would  provide  the  most  cost 
effective  interactive  delivery  system?  How  can  equipment 
and  delivery  systems  be  funded?  Will  technology  remove 
the  "isolation"  factor  in  rural  education? 

By  providing  both  on-site  and  field-based  multimedia 
experiences  for  rural  vocational/technological  teachers, 
the  AZTEC  lab  is  filUng  the  void  on  a  temporary  basis. 
On  the  other  hand,  participation  in  and  knowledge  of 
AZTEC  has  allov^ed  both  teachers  and  administrators  the 
opportunity  to  better  plan  for  the  use  of  school  district 
federal  and  state  vocational/technological  fuuvling. 
Traditionally,  rural  school  district  grants  in  An  zona  have 
been  written  by  administrators  without  teacher  input  or 
collaboration.  As  a  result  of  participation  in  AZTEC 
activities,  teachers  have  a  better  understanding  of  technol- 
ogy and  have  shared  this  knowledge  with  administrators. 
Moreover,  this  understanding  has  led  to  more  effective 
planning  in  vocational/technological  education. 

In  its  first  year  of  q)eration,  AZTEC  has  accom- 
plished its  primary  goal  and  has  been  well  received  by  15 
rural  school  districts  in  Arizona,  Future  AZibC  goals 
will  include  the  following:  (1)  To  assist  rural  vocational 
educators  in  utilizing  technology  in  integrated  academic/ 
vocational  courses,  (2)  to  aid  vocational  educators  in 
planning  and  implementing  the  levels  and  strands  of  the 
Arizona  Vocational/  Technological  Curriculum  Model, 
(3)  to  disseminate  technological  information  on  a  regular 
basis,  and  (4)  to  provide  training  opportunities  to  the 
pre-service  technology  education  program  at  the  Univer- 
sity. 

AZTEC'S  commitment  to  rural  vocational  education 
assists  the  University  in  meeting  its  mission  of  in-service 
training  to  rural  teachers.  As  one  teacher  pointed  out,  **No 
other  institution  offers  us  a  technology  lab  for  a  day  or 
more  importantly  allows  me,  the  teacher,  an  opportunity 
to  borrow  multimedia  equipment  in  the  future."  Teachers 
have  commented  that  multknediaresources  help  organize 
the  learning  environment  to  stimulate  creativity, 
self-motivated  learning,  and  self-discovery.  The  AZTEC 
concept  has  been  successful  thus  far,  and  its  operation  is 
expected  to  increase  in  the  upcoming  academic  year. 
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Computing  and 
technology:  What  an 
administrator  needs  to 

Icnow 

Patrick  J.  Casey 
University  of  Hartford 


School  principals  play  a  crucial  leadership  role  in 
bringing  new  innovations  into  the  classroom. 
While  the  building  principal  often  drives  the 
movement  to  introduce,  support,  and  insUtutionaUze 
curriculum  innovation,  in  many  instances,  administrators 
play  a  moft  passive  role,  supporting  teachers'  effats  to 
change  the  curriculum,  playing  an  encouraging  but  less 
active  role.  The  introduction  of  computer  technology  as 
an  integral  part  of  the  instructional  program  requires  the 
active  leadership  of  school  administration  because  of  its 
muitifaceted  nature  and  the  intense  budgetary  require- 
ment This  paper  suggests  steps  to  be  taken  to  provide 
school  principals  with  the  tools  necessary  to  take  this 
active  leadership. 

In  the  1970s  it  was  predicted  that  computer  technol- 
ogy was  about  to  revolutionise  American  education.  By 
the  late  1980s,  the  promise  faded  and  people  began  to  ask. 
"What  revolution?"  (Tucker.  1985).  Most  classrooms  of 
1992  remain  essentially  unchanged  by  computer  technol- 
ogy; to  understand  why  this  is  so,  we  must  examine  the 
means  by  which  an  innovation  becomes  an  integral  part  of 
classroom  practice. 

One  of  the  primary  roles  of  the  school  principal  is 
traditionally  considered  to  be  leadership  in  curriculum 
development  and  innovation.  The  principal  should  play  an 
active  role  in  the  introduction  of  a  curriculum  innovation. 
However,  it  is  often  an  interested  teacher  who  has 
experienced  an  innovation  during  a  course  or  workshop 
and  wishes  to  try  it  out  in  his/her  classroom  introduces 
that  innovation  in  the  classroom.  A  principal  may  support 
such  innovation  and  encourage  other  teachers  to  try  it  if  it 
is  successful.  Thus  a  new  teacher  who  has  received  a 
good  grounding  in  whole  language  instruction,  for 
example,  may  introduce  this  idea  to  a  school  by  first  using 
it  in  his/her  classroom  and  then  helping  others  introduce 
the  idea  to  their  classrooms.  The  principal  supports  the 
innovation  by  providing  for  inservice  opportunities  or 
courses  for  interested  teachers.  The  teacher  is  the  agent  of 
change  and  the  principal  plays  a  supportive  but  passive 
role. 

While  this  model  has  proven  successful  m  many 
arenas,  when  the  innovation  requires  significant  budget- 
ary commitment,  the  leadership  of  the  administrator  is  not 
only  necessary,  but  required.  What  model  of  innovation, 
then,  works  for  technology  in  the  schools? 

Computing  in  Schools:  The  Story  of  an 
Innovotion 

Computer  technology  was  first  introduced  into  the 
precoUege  classroom  in  the  mid  and  late  1970s  in  the 
form  of  computer  aided  insuuction  (CAI)  programs 
runnmg  on  mainframes  housed  on  college  campuses.  The 
initiative  for  this  innovation  came,  for  the  most  part,  from 
univei*sity  centered  research  projects.  Schools  interested 
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in  innovation  were  sought  by  the  university  researchers 
and  school  boards  or  school  principals  volunteered 
classrooms  to  be  part  of  studies  of  the  efficacy  of  com- 
puter aided  instruction.  The  actual  number  of  classrooms 
affected  was  small  and  there  was  little  substantive 
curriculum  change  as  a  result  of  this  early  computer  use 
(Taylor,  1980). 

With  the  development  of  the  desk,  op  computer, 
computing  moved  with  more  force  into  the  school 
environment  A  cadre  of  teachers,  who  were  also  com- 
puter hobbyists,  brought  computers  into  schools  in  the 
late  1970s  and  began  to  devise  ways  to  use  them  to 
enhance  their  instruction.  These  early  computer  innova- 
tcH-s  often  sought  desperately  to  find  a  place  for  this  new 
technology  in  an  already  crowded  curriculum. 

A  lack  of  good  software  greatly  hampered  the  effort  to 
make  computing  a  viable  part  of  the  existing  curriculum 
and  the  fact  that  most  new  microcomputers  came  already 
equipped  with  BASIC  led  to  the  creation  of  an  new 
subject  area  within  the  curriculum,  computer  literacy, 
which  included  coursework  in  computer  history  and 
elementary  computer  programming  using  BASIC. 
Teachers  who  took  on  the  task  of  presenting  this  new 
subject  to  students  were  often  those  same  self-taught, 
computer  hobbyists,  with  little  if  any  specific  training  in 
the  area.  It  was  all  too  often  assumed  that  mathematics 
teachers  could  teach  computer  literacy  or  that  any  one 
who  could  use  a  computer  could  teach  about  it. 

Thus  the  computer  moved  from  its  early  role  as  a 
medium  for  instruction  and  it  became  the  main  focus  of 
the  instruction.  As  so  often  occurred  in  the  past,  the 
medium  became  the  message  (McLuhan,  1964).  It  was 
claimed  that  teaching  children  to  be  comp!^*£r  literate 
would  prepare  them  for  a  future  that  was  certain  to  be 
dominated  by  technology. 

The  1990s  brought  a  more  enlightened  view  of 
computers  and  technology.  No  longer  viewed  as  an  end  in 
itself,  computer  technology  is  now  seen  by  most  educa- 
tors as  a  medium  for  presenting  instruction  to  students,  as 
a  tool  to  enhance  both  teaching  and  learning.  The  com- 
puter is  now  used  primarily  as  an  instructional  tool  to 
present  material  in  ways  not  possible  by  traditional 
means. 

This  new  view  of  computing  requires  a  change  in 
pre-service  and  inservice  education  courses  for  both 
teachers  and  administrators.  No  longer  is  the  primary 
concern  only  the  teacher  who  is  going  to  "teach  comput- 
ers.** If  the  computer  is  to  be  used  for  classroom  instruc- 
tion, every  teacher  needs  training  and  exposure  to 
computer  technology  as  a  medium  for  presenting  instruc- 
tion and  every  administrator  needs  training  in  the  variety 
of  insuiictional  uses  of  technology. 

Schools  of  education  are  beginning  to  offer  courses 
for  pre-service  teachers  in  the  use  of  computers  as 


instructional  tools.  State  Departments  of  Education  are 
beginning  to  require  such  courses  for  certification. 
Sinceteachers  tend  to  teach  as  they  were  taught,  these 
courses  are  most  effective  when  teachers  have  the 
opportunity  to  see  the  use  of  computing  demonstrated  by 
the  course  instructor  and  have  the  chance  to  observe  a 
teacher  using  computing  in  a  classrocHn  wiUi  children 
(Cunniff,  1990).  It  is  very  difficult,  if  not  impossible,  for  a 
new  teacher  to  introduce  technology  into  his/her  class- 
room if  she/he  has  never  seen  techndogy  used  in  a 
classroom.  The  modeling  aspect  of  the  computer 
pre-service  instruction  is  a  very  important  factor,  one  that 
is  often  overlooked  in  the  preparation  of  new  teachers 
(Cunniff,  1990). 

If  we  assume  that  schools  of  education  are  adequately 
preparing  teachers  to  use  computers  and  computer 
technology  as  instructional  tools  in  the  classroom,  why 
then  is  computing  not  reaching  the  schools  and  not  having 
any  rioticeable  effect  on  the  quality  of  instruction  in  the 
schooJs?  To  answer  this  question,  it  is  imperative  to  look 
at  how  educational  innovation  moves  from  being  innova- 
tion to  becoming  institutionalized.  The  principal  can  serve 
as  a  instructional  leader  by  recognizing  the  training  and 
talents  of  a  new  teacher  and  eiK:ouraging  her  to  try  these 
new  ideas  in  her  classroom  and  finally  by  encouraging  the 
spread  of  the  mnovation  throughout  the  school.  Aaually 
this  model  is  a  good  one  because  the  innovation  springs 
from  within  the  organization  and  its  propagation  is  the 
result  of  **teachers  teaching  teachers**  rather  than  have 
outside  expCTts  come  in  and  teach. 

This  has  not  been  a  successful  model  for  intioducing 
cwnputer  technology  to  the  classroom.  Computers  and 
associated  technology  require  such  an  extensive  invest- 
ment in  hardware  and  software  that  teachers  coming  from 
pre-service  programs  with  some  trainmg  in  use  of 
computers  as  instructional  tools  are  often  forced  to  revert 
to  traditional  instruction  because  of  lack  of  necessary 
resources.  Teachers  interested  in  introducing  computers  to 
their  teaching  usually  lack  the  budgetary  power  necessary 
to  obtain  required  equipment.  The  successful  introduction 
of  computer  technology  requires  the  active  leadership  and 
commitment  of  the  school  principal. 

Th«  Principal's  Roto 

The  answer  for  technology  innovation  is  for  the 
person  with  budgetary  discretion  to  make  the  decisions 
concerning  the  introduction  of  techrK)log3'  into  class- 
rooms. The  principal  has  both  the  leadership  position  and 
the  accompanying  power  to  be  a  successful  innovator.  But 
this  can  only  happen  successfully  if  the  principal  has  a 
broad  knowledge  of  the  possibilities  offered  by  the  new 
technology  for  the  improvement  of  instruction. 

I  contend  that  if  computing  is  ever  to  become  success- 
fully integrated  into  the  learning  and  teaching  process  of  a 
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school,  the  principal  needs  to  be  a  fluent  user  of  comput- 
ing for  educational  purposes.  He/she  also  needs  to  be 
cogni2ant  of  the  instructional  uses,  pedagogical  implica- 
tions, and  curricular  effects  of  using  computing  in  the 
classroom  and  needs  a  thorough  grounding  in  the  research 
on  educelional  technology  and  innovation.  This  fluency 
can  be  developed  through  a  planned  program  of  experi- 
ences with  computing  in  an  educational  environmeDt. 

The  Computer  as  an  Instructional  Tool:  A  Course 
for  Administrators 

I  recommend  that  every  school  administrator-to-be 
'  -^uld  be  required  to  take  a  course  in  the  instructional 
uses  of  computing  as  part  of  his/her  administrative 
coursework.  At  the  end  of  such  a  course  the 
administiator'in- training  would: 

1)  be  a  fluent  user  of  a  range  of  computers  and  hardware 
for  educational  applications. 

2)  be  able  to  plan  lessons  for  several  curricular  areas 
integrating  computer  software  appropriate  to  the 
lesson  and  grade  level. 

3)  be  able  to  use  a  word  processor  to  produce  a  variety  of 
documents. 

4)  be  able  to  discuss  the  current  research  concerning  the 
use  of  word  processors  in  writing  instruction. 

5)  be  able  to  create  a  database  and  design  a  classroom 
activity  using  that  database. 

6)  be  able  to  use  several  {graphics  application  software  for 
production  of  certificates,  signs,  and  graphic  displays. 

7)  be  able  to  use  teacher  productivity  software  such  as 
gradebook  programs  and  test  generators  to  design 
classroom  related  materials. 

8)  be  able  to  discuss  the  curricular  implications  of  using 
programming  in  a  problem-solving  environment  and 
be  able  to  writr  a  short  program  in  LogoWriter. 

9)  be  able  to  discuss  the  integration  of  several  computer 
programs  into  the  school  curriculum  at  a  selected 
level. 

10)  be  able  to  analyze  research  reports  on  the  effects  of 
computers  in  the  classroom. 

To  achieve  these  objectives  effectively,  the  course 
must  require  active  use  of  a  wide  range  of  educational 
software  and  a  variety  of  computer  operating  systems. 
The  course  must  be  designed  to  involve  the  students 


actively  in  model  lessons  based  on  computer  use.  It  is  not 
sufficient  to  talk  about  software  and  software  ^plica- 
tions; the  principal/student  must  experience  the  computer 
as  an  integral  part  of  the  instructional  environment  and 
have  ample  opportonity  to  personally  use  a  variety  of 
software  applications  in  preparing  classroom  materials. 

Many  principals  surveyed  are  users  of  computing  for 
administrative  tasks  in  their  schools.  They  recognize  the 
value  of  the  computer  as  a  tool  for  their  own  work.  The 
problem  is  that  most  of  these  admmistrators  were  class- 
room teachers  before  ccnnputer  technology  was  widely 
available  for  use  as  an  instructional  tool.  The  use  of 
cOTiputing  as  an  mstructional  tool  is  not  a  part  of  their 
own  teaching  repertoire,  and  although  Uiey  recognize  the 
computer's  value  as  a  tool  for  administration,  they 
continue  to  "teach,"  or  lead  their  own  teaching  staff  as 
they  were  taught  by  administrators  when  they  were 
teachers. 

These  principals  have  accepted  technology  as  a  tool  to 
improve  their  efforts  in  the  woric  place;  now  Uiey  need  to 
experience  the  computer  as  an  instructional  tool.  Many 
teac^aers  surveyed  at  the  University  of  Hartford^  claimed 
that,  even  when  funding  was  available  for  ccxnputers, 
principals  often  divert  these  meager  funds  tn  improve  Uie 
school's  admmistrative  computing  c^ability. 

Following  is  a  brief  outline  of  such  a  course  that  has 
been  successfully  tested  with  a  wide  range  of  adminisu^i- 
tors. 

Week  1    Introduction:  The  computer  as  an  instructional 
tool 

Research  and  practice 
Operating  Systems 

Week  2    Logo:  What  it  is;  what  the  research  says 
Microworlds:  Introduction  to  Logo 
Writing  simple  programs 

Week  3     The  Computer  as  Tool  I 

Word  processors,  spelling  and  grammar 
checkers 

Desktop  publishing 

Week  4    Word  processing  and  the  writing  process 
Controversy  and  research 

Week  5    The  Computer  as  Tool  II 

Databases,  creating  form  letters  and  reports 

Week  6    The  Computer  as  Tool  III 

Spreadsheets,  graphing  software,  **Wnat  if?** 
software 

Applications  in  math  and  science 
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Week  7    Logo  and  its  use  in  Language  Arts 

Create  your  own  ending,  collaborative  writing 

Week  8    Grapbics  tools 

Producing  graphics  (signs,  certificates)  for 
classroom  use 

Week  9    Teacher  Utilities 

Test  generators,  gradebooks,  electronic 
chalkboard 

Week  10  Problem-solving  software 

*The  One-computer  Classroom*' 
The  computer  as  stimulus  for  discussion 
Integration  of  Mathematics,  Social  Studies, 
Language  Arts 

W  eek  1 1  Coq)erati  ve  Learning 

Simulation,  problem  solving,  and  writing 
projects 

Week  12  CAI  and  Integrated  Learning  Systems 

Video  of  several  systems  (Jostens,  Computer 
Curriculum  Corporation,  Curriculum  Network- 
ing Specialists,  Macmillan/McGraw-Hill) 
Student  presentations  and  discussion 

Week  13  Evaluating  software 

Sources  of  evaluation,  Evaluation  forms 

Week  14  Telecoomiunications:  modems,  various 

commercial  products  using  telecommunica- 
tions (e.g..  Kids  Net) 

Each  session  of  the  course  begins  with  a  demonstra- 
tion, modeling  instruction  with  technology,  or  video  tapes 
of  children  using  technology  in  a  school  environment,  and 
discussion  of  research.  Time  is  allotted  in  every  class  for 
students  to  experiment  with  various  software  pitxJucts  to 
proilyce  classroom  materials.  This  course  has  been 
successful  in  part  because  it  forces  administrators  to  again 
become  students.  Each  participant  must  be  actively 
involved  in  preparing  material,  evaluating  software,  and 
role  playing  a  sttident  being  taught  I^go  or  participating 
in  a  cooperative  effort  to  complete  a  simulation.  During 
lab  exercises,  students  are  required  to  work  in  pairs  or 
groups  of  three.  This  arrangement  permits  the  novice 
Uocrs  of  educational  applications  to  **spread  the  blame*' 
for  lack  of  success  and  to  "share  the  fame"  for  successful 
mastery  of  software  packages. 

1h0  Principol  a$  Uodor 

A  survey  conducted  by  California's  Computer-Using 
Educators  group  (Marshall,  1992)  concerning  how 


principals  can  help  support  and  enrich  the  use  of  technol- 
ogy of  in  California  schools  revealed  that  teachers  want 
principals  to  know  about  classroom  uses  of  computing. 
Teachers  said  that  principals  can  best  provide  assistance, 
support,  and  leadership  by: 

•  using  technology  to  find  out  bow  useful  it  is, 

•  becoming  more  knowledgeable  about  technology, 
especially  to  assess  the  best  approach  for  students, 

•  being  an  instructional  leader, 

•  learning  right  along  with  staff,  and 

•  asking  help  from  people  who  know  about  the  benefits 
of  technology. 

During  the  past  two  years  we  have  been  conducting 
ongoing  surveys  with  the  students  in  the  Graduate  School 
of  Education  at  the  University  of  Hartford.  We  are 
investigating  the  extent  to  which  computing  is  actually 
being  used  as  a  part  of  the  instrucdonal  program  in  local 
schools,  asking  teachers  about  the  role  of  Uieir  school 
administrators  in  the  introduction  and  suj^rt  of  comput- 
ing and  technology  in  the  curriculum.  Most  teachers 
Surveyed  believe  that  the  principal  plays  a  pivotal  role  in 
the  introducUon  of  technology  to  schools.  Conunon 
among  the  suggestions  offered  by  these  teachers  was  an 
urging  for  principals  to  get  personally  involved,  to  try  out 
technology,  to  roll  up  their  sleeves  and  learn  along  wiUi 
the  rest  of  the  staff.  Teachers  believe  that  principals 
should  visit  classrocHns  where  technology  is  being  used 
for  instruction.  The  single  most  often  offered  suggestion, 
however,  was  for  more  leadership  from  the  top  -  the  "roll 
up  your  sleeves  and  sit  down  at  the  computer  with  the  rest 
of  the  stiiff  *  type  of  leadership.  It  is  interesting  to  note 
that  less  than  40%  of  the  teachers  surveyed  considered 
that  their  administrators  were  showing  active  leadership 
in  bringing  technology  into  the  classroom. 

The  survey  also  showed  that  teachers  would  like 
principals  to: 

•  help  provide  more  funding,  especially  by  monitoring 
sources  of  funding  outside  the  school  and  district, 

•  take  advantage  of  the  resources  available  and  don't  be 
afraid  to  move  fcxward, 

•  set  aside  part  of  the  budget  to  help  the  school  attain 
technology  in  all  classrooms  and  the  media  center, 

•  let  teachers  try  out  new  ideas  and  uses  for  technology 
in  a  risk-free  environment,  and 

•  help  teachers  with  limited  exposure  to  computers  to 
acquire  more  skills. 

A  Find  Word 

The  need  for  educational  change  is  pressing.  It  is  an 
issue  that  has  been  central  to  the  major  political  cam- 
paigns of  the  late  1980s  and  1990s.  The  Edison  Project, 
the  new  alternative  schooling  initiative  being  spearheaded 
by  Christopher  Whittte  has  recognized  (hat  technology 
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can  play  a  positive  role.  But,  schools  of  education  have  an 
incomplete  focus.  All  too  often,  the  courses  that  espouse 
innovative  educational  practice  are  geared  to  teachers 
only.  Graduate  programs  for  school  administrators 
generally  have  little  focus  on  ih^pecifics  of  educational 
innovation,  rather  they  take  the  more  general  view  of 
educational  change.  It  appears  that  there  is  an  assumption 
that  information  about  specific  instructional  innovation 
will  *Tilter  up"  from  the  teachers  to  the  principals  -  or 
that  principals,  having  once  been  teachers  themselves, 
received  their  grounding  in  instructional  practice  at  that 
time. 

Technology  as  an  integral  part  of  the  instructional 
program  is  relatively  new.  We  cannot  assume  that 
principals  have  first-hand  experience  using  technology  in 
the  classroom,  or  that  technology  training  was  a  part  of 
their  teacher  training.  If  we  believe  that  technology 
should  be  a  part  of  the  teaching4eaming  environment,  we 
cannot  afford  to  take  the  chance  that  this  "filtering  up** 
from  new  teachers  will  happen,  If  the  principal's  most 
important  role  is  that  of  instructional  leader,  that  of 
change  agent,  then  the  principal  must  be  involved  with  the 
newest  educational  movements,  This  must  become  an 
integral  part  of  the  school  administrators'  program,  both 
as  course  content  as  suggested  in  this  paper  and  as  part  of 
the  repertoire  of  all  graduate  school  professors. 


Endnote 

*    Surveys  conducted  in  Graduate  classes  in  the  College 
of  Education,  Nursing  and  the  Health  Professions. 
Paper  in  preparation. 
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A  Learning  Community.  Not  a  Qust^r  ot  Boxos 

Imagine  a  learning  community  comprised  of  open  and 
connected  learning  systems.  Components  would 
include,  for  example,  from  pie-school  to  post  doctoral 
education,  and  lifelong  personal  and  professional  pursuits. 
Such  a  pbilosc^hical  shift  of  mind  opens  to  the  thinker  a 
new  way  to  visualize  what  education  is  and  what  it  can  do 
as  it  evolves  within  a  community.  Educational  goals  may 
be  multiple  and  complex  and  may  include  a  community  of 
lifelong  learners  and  lifelong  contributors  to  the  commu- 
nity. Within  this  conceptual  framework,  schools  and 
classrooms,  teachers  and  learners,  may  change. 

This  notion  of  community  is  part  of  a  shared  vision 
which  is  emerging  from  people  who  are  beginning  to 
think  globally  and  to  define  what  they  truly  desire  for 
education  today.  Rather  than  see  box-like  images  of 
colleges  or  universities,  school  districts,  school  buildings, 
classrooti  s,  departments,  each  with  walls  andboundaries, 
members  of  this  community  see  those  pieces  as  open  links 
to  a  larger  system.  Traditional  barriers  are  fading  more 
quickly  than  participants  had  imagined. 

Peter  Senge  (1990),  in  The  Fifth  Discipline,  presents 
philosophical,  theoretical,  and  practical  reasons  for 
creating  learning  organizations  rather  than  the  customary 
businesses,  governing  bodies,  or  associations  now  in 
existence.  His  ideas  encourage  the  reader  to  Uiink  in 
systems  and  structures,  to  build  shared  visions  with  others 
which,  over  Ume,  allow  a  team  of  people,  to  learn  and 
grow  togeUier  and  reach  toward  goals  which  they  jointly 
define. 

The  tools  and  ideas  presented ...  are  for  destroying 
the  illusion  that  the  world  is  created  of  separate, 
unrelated  forces.  When  we  give  up  this  illusion  -  we 
can  then  build  **leaming  organizations,**  organizations 
where  people  continually  expand  their  capacity  to 
create  the  results  they  truly  desire,  where  new  and 
expansive  patterns  of  thinking  are  nurtured,  where 
collective  aspiration  is  set  free,  and  where  people  are 
continually  learning  how  to  learn  together,  (p.  3) 
The  shared  vision  is  intended  to  be  ever-growing  and 
maturing  as  it  becomes  clearer  and  better  attuned  to  the 
society  in  which  it  exists.  As  the  vision  grows,  steps  are 
made  toward  creating  a  reality  which  would  move  it 
toward  its  goals.  The  "vision-reality  g^,'*  the  distance 
between  the  two,  needs  **creative  tension"  to  energize  an 
organization  as  it  moves  the  reality  in  the  direction  of  the 
vision. 

As  educators  and  others  articulate  the  need  for 
resuncturing  and  redefinition  of  education  today,  it  may 
be  refreshing  to  add  a  dimension  which  may  propel 
education  toward  becoming  a  community  of  learners.  This 
work  presents  a  v^ture  which  conceptualizes  Long 
Island,  New  York,  as  a  learning  community.  It  then 
focuses  on  a  technology  and  teacher  education  program 
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on  the  college  level  which  is  itself  evolving  into  a 
learning  community  integral  to  the  larger  Long  Island 
community.  A  further  discussion  of  Senge*s  work  follows 
with  reference  again  to  the  relationship  between  the 
reality  and  the  ever-evolving  shared  vision. 

Th«  Long  Island  Teom  Project 

A  Learning  Community  Project 

A  group  of  educators  and  other  community  members 
met  to  collaborate  on  a  vision  of  education,infused  with 
technology,  which  would  "break  the  mold**  of  schools  as 
we  know  them  today  and  create  a  learning  community  for 
t(xnonx>w.  That  group  wrote  the  following  statement  in 
February  1992  (The  Long  Island  Team,  1992): 
The  Long  Island  Design  Team  plans  to  establish  a 
Long  Island  coalition  of  community-based,  widely 
varied  learning  centers,  operating  24  hours  per  day, 
365  days  per  year,  linked  by  a  technological  highway 
connecting  all  community  members,  regardless  of  age, 
location,  background,  and  ability.  The  purpose  of  these 
centers  is  to  instill  and  then  sustain  within  students  a 
desire  to  learn  and  be  productive.  The  model  should 
result  in  life-long  learners  who  make  maximum  use  of 
ail  resources,  (p.  1) 

The  group  then  met  regularly  to  continue  the  develop- 
ment of  their  vision  and  to  plan  for  a  first  phase  project 
which  would  envision  Long  Island  as  a  living,  learning 
community.  As  technology  would  be  a  powerful  tool 
envisioned  in  the  system  of  tomorrow,  technology  would 
be  used  by  all  who  participated.  Inaddition  to  the  use  of 
computers,  video,  and  other  technologies,  all  participants 
would  be  linked  via  telecommunications  to  share  ideas 
and  collaborate.  The  content  area  chosen  was  Long  Island 
history,  a  subject  r.tudied  in  fourth  grade  classrooms 
across  Long  Island  and  potentially  linked  to  other 
disciplines  (e.g.,  language  arts,  science,  mathematics,  the 
arts).  That  topic  was  thought  to  be  an  ideal  vehicle  to 
begin  the  process  of  envisioning  Long  Island  as  a  commu- 
nity, a  place  to  contributed  to,  live  and  work  in,  study, 
share,  and  celebrate.  Fourth  grade  teachers  and  students, 
as  part  of  a  larger  learning  community,  would  reach  out 
potentially  to  all  others.  It  would  be  a  learning  experience 
developed  beyond  the  box  of  the  classroom  with  teachers 
and  learners  thriving  in  a  vital  system. 

Very  quickly  districts  who  heard  about  the  project 
asked  to  participate.  Ten  districts  spanning  more  than  100 
miles  across  Long  Island  joined  in.  Each  was  asked  to 
select  two  teachers.  Some  selected  as  many  as  five. 
Higher  Education  came  in  with  administrators,  faculty, 
graduate  and  undergraduate  students.  Educational 
Technology  masters*  students  brought  in  their  own  fourth 
grade  classes  from  additional  school  districts.  BOCES 
(Boards  of  Cooperative  Educational  Services  in  New 
York),  community  members  from  such  areas  as 


historicalsocieties,  libraries,  the  media,  businesses  and 
industries,  joined  in  and  contributed  their  resources. 
Parents,  siblings,  neighbors,  and  others  in  the  community 
asked  to  join.  The  details  of  the  project(s)  are  now  being 
created  as  activities  have  begun  and  ideas  are  being 
shared  over  the  telecommunications  system.  A  culminat- 
ing event  in  May  1993  will  bring  together  the  more  than 
1,200  students  involved  with  all  other  participants  (at  the 
moment  more  than  200  of  them)  to  meet  face-to-face  and 
share  themselves,  their  ideas,  their  efforts,  and  their 
products. 

Goals 

Beyond  the  most  global  goal  of  producing  an 
ever-strengthening  community  of  lifelong  learners,  are 
critical  elements  being  defined.  Three  of  these  will  be 
discussed:  a)  the  identification  of  and  involvement  of 
outstanding  teachers  and  other  leaders  in  the  ccxnmunity 
who  are  placed  in  positions  to  grow  professionally  and 
become  models  for  others  in  the  system,  b)  the  impor- 
tance of  dedication  and  ccMnmitment  to  the  creation  of  the 
vision,  and  c)  the  develojnnent  of  systems  fcH"  communi- 
cations between  all  interested  members  of  a  community 
for  learning,  sharing,  and  collaborating.  These  elements 
are  consciously  built  into  the  model.  Jointly  they  should 
contribute  to  the  evolution  of  the  system  as  nurturing, 
powerful,  anddynamic. 

Outstanding  Teacher/Learners 

Outstanding  members  of  the  education  and  larger 
community  are  being  identified  and  offered  an  opportu- 
nity to  collaborate,  envision,  create,  develop,  and  then 
accomplish  goals  which  they  set  for  them.selves  and  other 
learners.  Participants  are  using  technology  whether  they 
have  a  background  in  it  or  not.  Teachers  are  given 
COTiputers  and  modems  by  their  school  districts  for  use  in 
class  and  many  are  given  comparable  loaners  for  use  at 
home.  Technology  training  and  support  are  offered  from  a 
variety  of  sources.  They  come  primarily  in  the  form  of 
assistance  for  active  work  on  the  project  rather  than  as  a 
tack-on  new  skills  to  master.  It  is  expected  that  the 
participants  from  this  yearns  projects  will  become  leaders 
(mentors,  advisors,  collaborators)  in  projects  in  future 
years.  The  system  should  then  continue  to  build  with 
outstanding  educators  growing  and  learning  themselves  as 
tbey  link  their  students  to  continually  expanding  learning 
C(Hnmunities. 

Dedication  and  Commitment 

Another  critical  element  is  the  energy  whicharises 
from  a  group  of  dedicated  and  committed  individuals  who 
feel  that  they  together  can  define  andthen  make  a  differ- 
ence in  society.  The  project  itself  is  not  an  extracurricular 
activity  but  rather  built  from  its  participants*  redefinition  . 
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of  how  they  use  their  time,  effort,  and  energy  to  accom- 
plish their  goals.  This  is  a  project  without  a  grant  or  major 
single  funding  source.  All  participants  "give"  although 
there  is  no  set  amount  of  time,  effort,  or  energy  required. 
It  seems  to  be  that  freedom  which  is  producing  a  deep  and 
sustaining  dedication  and  commitment  A  corollary  is  that 
interest  by  people  who  seem  only  to  "want"  (e.g.,  funds, 
training,  hardware,  software)  has  dissipated.  Such 
individuals  do  not  fit  in.  They  know  it  immediately.  They 
either  become  "givers"  and  part  of  the  team  to  define  the 
vision,  or  they  "get"  out.  The  community,  therefore,  is 
propelled  and  energized  by  people  who  believe  in  the 
strength  of  the  union  of  forces  joined  through  the  project. 
They  all  have  ownership  in  the  project  as  they  have  made 
the  rules  and  created  the  vision.  Initial  observations  show 
these  individuals  to  be  creative,  energetic,  and  productive. 

Communications  for  Sharing  and  Collaboration 
The  sharing  of  ideas,  projects,  and  products  is  facili- 
tated by  a  combination  of  technological  tools  and 
face-to-face  events.  Newsday.  a  Long  Island  newspaper, 
has  provided  a  telecommunication  backbone.  All  partici- 
pants are  encouraged  to  log  on  and  read  and  lespOTd  to 
others  on  a  Long  Island  Team  forum.  E-mail  is  also 
provided  for  individual  contact.  For  some  participants, 
this  is  then-  first  taste  of  the  power  of  computer  resources 
which  they  have  not  yet  mastered.  Activity  on  the  system 
is  increasing  exponentially  day  by  day. 

Two  kick-off  sessions  were  offered  before  the  opening 
of  the  school  year.  One  was  an  informal  gathering  at  the 
home  of  a  participant  The  other  was  a  brainstorming  and 
plannmg  session  facilitated  by  the  use  of  TeamFocus,  a 
strategy  and  planning  software,  provided  to  the  group  by 
IBM.  Pairs  of  individuals  who  had  never  met  before 
inputted  responses  into  computers  and  responded  to 
others*  ideas  on  the  saeen.  Small  group  strategy  sessions 
followed  and  resulted  in  clusters  of  individuals  exploring 
ideas  together.  Output  from  the  sessions  were  used  to 
spaik  creative  ideas  for  the  year.  Additional  events  are 
being  announced  over  the  telecommunications  forum  find 
are  periodically  held  across  Long  Island. 

Technology  and  Teocher  Educotion 

A  Learning  System,  A  Learning  Community 

In  addition  to  the  activity  being  generated  across  Long 
Island,  the  activity  in  the  Educational  Technology 
Department  at  Long  Island  University  is  philosophically 
blended  into  the  larger  learning  community.  Instead  of 
separate  undergraduate  and  graduate  classes  using 
technology  in  teacher  education,  the  members  of  the 
department  have  been  moving  toward  greater  collabora- 
tions and  team  structures  withir  and  beyond  the  university 
for  the  past  several  years.  The  Long  Island  Team  project 
has  provided  a  new  venue  for  this  evolution  and  an 


A  fourth  grade  project 


opportunity  to  grow  within  its  greater  vision.  All  classes 
are  now  linked  in  some  way  to  the  project  Students  aie 
given  the  opportunity  to  connect  to  it  if  tbey  wish.  A  few 
faculty  from  other  departments  are  joining  in.  Hundreds 
of  stories  could  be  told  akeady  of  collaborative  projects 
which  have  begun  the  process  of  "learning  community." 
Faculty  and  students  serve  as  both  teachers  and  learners. 
To  follow  are  a  few  examples. 

A  required  undergraduate  course.  Computers  in 
Education,  and  an  advanced  undergraduate  course. 
Making  Connections  Beyond  the  Classroom  Walls,  have 
been  transformed  into  a  learning  system.  Seven  sections 
of  the  required  course  and  one  section  of  the  honors 
course  are  being  Iftd  by  a  team  of  faculty  who  firs^  teach 
five  weeks  of  basic  skills  and  then  devise  with  their 
students  cooperative  group  projects  linked  to  the  "real" 
learning  projects  in  the  Long  Island  Team  fourthgrade 
history  project.  The  teaching  team  meets  weekly  with  one 
another  but  communicates  more  often  via  telecommunica- 
tions. CJraduate  assistants  operate  a  computer  laboratory 
full  time  for  additional  support,  guidance,  and  involve- 
ment. They,  too,  meet  with  the  teaching  team  and  students 
and  arc  active  members  of  the  learning  catnmunity.  All 
students  are  linked  to  one  another,  all  educational 
technology  faculty  and  staff,  all  educadwial  technology 
graduate  students,  and  all  Long  Island  Team  participants 
via  telecommunications  and  through  their  various 
projects. 

One  undergraduate  section,  for  example,  has  prepared 
a  database  of  the  Long  Island  history  of  its  students  which 
it  now  is  incorporating  into  a  LinkWay,  multimedia 
program  as  a  learning  and  teaching  tool.  The  database 
itself  is  being  expanded  in  another  section  which  is 
studying  databases.  The  ideas  behind  the  evolution  of  the 
LinkWay  project  were  shared  by  the  teacher  and  students 
over  the  Long  Island  Team  electronic  formn  one  evening. 
Within  an  hour,  one  of  the  fourth  grade  teacher  partici- 
pants responded  enthusiastically  to  the  ideas  presented, 
and  said  that  she  would  like  to  expand  her  classroom 
HyperCard  project  for  the  Long  Island  Team  to  include 
similar  materials  to  the  college  student  project  Could 
they  collaborate? 

In  another  case,  it  is  expected  that  there  will  be  a 
thread  of  activities  which  will  celebrate  multicultural 
diversity  at  the  Long  Island  Team  May  1993  cuhninatmg 
event.  This  thread  will  begin  as  a  topic  on  the  electronic 
forum.  Interested  participants  will  then  define  it  further 
throughout  the  year.  During  the  Fall  1992  semester,  two 
undergraduate  students  are  learning  and  using  PageMaker 
to  create  a  print  document  about  multiculturism.  They  are 
interviewing  experts  in  the  field,  and  sharing  ideas, 
scholarly  books  and  articles,  database  literature  searches, 
and  possible  projects  ideas  with  the  participants  across 
Long  Island. 
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On  the  graduate  level,  courses  in  teleconununications, 
desktop  publishing,  computer  graphics,  research,  televi- 
sion and  video*  and  several  master's  theses  are  being 
linked  to  the  undergraduate  "learning  system**  and  the 
greater  Long  Island  Team.  Some  people  are  managing  the 
telecommunications  forum.  Some  are  creating  documents. 
Some  are  doing  research.  Otliers  are  going  into  the 
schools  to  work  with  the  teachers  and  students  using  a 
broad  variety  of  tools  and  technologies.  They  are  bringing 
some  of  the  undergraduate  with  them.  Faculty  are 
participating  as  teachers/learners  along  with  all  others. 
Alumni  and  community  volunteers  are  joining  in.  One 
faculty  member  recently  asked  how  the  others  are  grading 
the  university  students  this  semester.  Will  they 
useportfolio  assessments  and  with  what  criteria?  Old . 
teaching  and  grading  systems  do  not  seem  apprqpriate  in 
this  setting.  Students  are  using  the  technologies  and 
learning  them  for  "real  purposes**  and  **real  audiences.** 
Most  are  defining  their  own  work  and  attentive  to  the 
quality  of  their  learning  processes  and  their  products. 
Faculty  are  beginning  to  reassess  their  own  teaching 
styles,  delivery  systems,  goals  and  objectives. 

The  Long  Island  Learning  Community  ond  Senge 

Individuals  are  growing  within  the  "whole**  of  Long 
Island  and  moving  toward  a  vision,  a  learning  conununity. 
Senge  presents  five  disciplines  critical  to  a  successful 
learning  organization:  Personal  Mastery,  Mental  Models, 
Shared  Vision  Team  Learning,  and  Systems  Thinking. 
"Each  provides  a  vital  dimension  in  building  organiza- 
tions that  can  truly  *leam,*  that  can  continually  enhance 
their  capacity  to  realize  their  highest  aspirations**  (p.  6). 
Not  all,  but  many  members  of  the  Long  Island  Learning 
Conununity  are  consciously  working  through  Senge*  s  five 
disciplines  as  they  participate  in  the  creation  of  a  learning 
organization.  A  glance  at  the  five  areas  should  highlight 
their  relevance  to  the  Long  Island  Team  endeavor. 

Personal  Mastery 

Personal  Mastery  builds  from  an  individual*  s  conunit- 
ment  and  capacity  to  learn.  It  is  the  individual*  s  contribu- 
tion to  the  whole  which  digs  deep  into  his  or  her  soul  to 
maximize  personal  growth,  while  participatmg  in  the 
further  creation  of  and  progress  toward  the  shared  vision. 
Senge  speaks  of  "continually  clarifying  and  deepening . . . 
personal  vision,  of  focusing  . . .  energies,  of  developmg 
patience,  and  of  seeing  reality  objectively**  (p.  7).  Long 
Island  Team  participants  are  encouraged  to  develop 
professionally  and  personally  and  pemiit  that  growth  to 
impact  upon  others  and  upon  the  whole.  Risk  taking, 
reaching  out,  seeing  something  beyond  one*s  own 
experiences  and  wanting  to  grow  within  it  are  pieces. 


Mental  Models 

Mental  Models  develop  from  one*s  ability  to  see 
beyond  wherever  ojie  is,  to  create  mental  pictures  of 
where  one  can  go,  and  to  develop  strategies  to  take  one 
there.  For  the  Long  Island  Team  members  it  is  the  shift 
from  seeing  themselves  within  their  "boxes"  (e.g., 
schools,  classrooms,  or  departments)  to  the  vast  freedoms 
v^thin  an  open  learning  conmiunity.  They  coUaboratively 
CTeate  the  vision  and  then  seek  the  doors  and  hidden  doors 
which  when  opened  allow  movement  toward  the  vision. 
Mental  pictmes  which  block  such  as  tuiose  associated  with 
"but  there  are  budget  cuts**  or**but  there  is  no  time  or 
space  for  additional  activities**  create  barriers  and 
boundaries.  The  Long  Island  Team  is  working  without 
such  confining  pictures  and  is  finding  few  limiting 
factors. 

Building  Shared  Vision 

A  shared  vision  evolves  as  participants  move  closer  to 
one  another  and  the  definition  of  their  conmion  purpose, 
goal,  and  spirit.  Beyond  the  particular  details  of  the  fourth 
grade  Long  Island  history  projects,  participants  are 
beginning  to  see  ideas  and  resources  which  can  be  shared 
as  the  whole  can  better  drive  itself  toward  the  vision.  That 
vision  is  continually  being  acknowledged,  refined,  and 
developed.  Individual  growth  and  collaborative  growth 
are  moving  it  with  force. 

Team  Learning 

Senge  believes  that  teams  are  the  basic  learning  unit 
of  modem  organizations.  Teams  can  learn  more  and  learn 
better  as  individuals  and  coUaborative  groups  learn  to  use 
effective  tools  and  strategies  while  working  toward  their 
goals.  In  the  Long  Island  Team  Project,  participants  are 
not  isolated  but  are  leammg  individually  and  from  one 
another.  Individual  skill  development,  such  as  learning  to 
use  technologies,  in  addition  to  the  growth  of 
projects,programs,  ideas,  and  philosophies,  are  seen  as 
supported  by  all  of  the  others  who  are  sharing  the 
experience.  On  the  teleconmiunications  forum,  members 
are  questioning,  asking,  answering,  responding,  and 
growmg  together. 

Systems  Thinking 

Senge*  s  fifth  disciplme  is  systems  thmking.  It  is  the 
integration  of  the  other  four  disciplines  into  a  whole 
which  blends  theory  and  practice,  individual  growth  and 
personal  mastery  with  team  learning  and  mental  models. 
Through  these  four  disciplines  the  "whole**  moves  toward 
the  creation  and  realization  of  a  shared  vision.  For  the 
Long  Island  Team  members,  the  philosoiAy  and  the 
practical  movement  toward  the  vision,  are  growing 
together.  The  mental  images  of  the  Long  Island  Team 
system  which  have  been  described  are  far  more  than 
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interesting  projects  in  which  fourth  graders  and  commu- 
nity members  study  Long  Island.  They  are  also  more  than 
the  development  of  vision,  goals,  and  objectives.  Rather, 
these  are  the  elements  which,  along  with  other  elements, 
can  be  seen  as  the  blending  of  dynamic  forces  weaving 
themselves  into  a  complex  learning  community. 

A  Long  Island  Learning  Confinfiunity  Has  Begun 
To  envision  this  system,  one  must  see  interrelation- 
ships, rather  than  linear  progressions.  The  strength, 
aeativity,  and  vitality  of  the  processes  have  become  ihtir 
own  forces.  Not  all  aspects  of  the  fourth  grade  project  are 
smooth  and  flawless.  Senge  suggests  that  some  things 
take  a  long  time  to  harvest.  They  require  seeding,  con- 
tinual nurturing,  evolution,  and  movement  toward 
whatever  it  is  that  really  matters.  Although  the  tangible 
outcomes  of  the  Long  Island  Team  community  will  be 
analyzed  and  evaluated  at  the  close  of  the  school  year,  the 
goals  of  its  members  have  already  been  realized.  People 
joined  this  community  to  participate  in  the  process  and  to 
grow  aiKi  learn  within  it.  Preliminary  data  from  partici- 
pants suggest  that  many  have  been  swept  into  a  process 
from  which  they  hope  never  to  retreat, 
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History  of  Computers  in  Education  at  l^sley 
College 

Lesley  College,  Graduate  School  of  Education, 
started  a  master's  degree  program  in  Computers 
in  Education  in  1979.  The  program  quickly 
became  a  national  leader  primarily  because  of  its  timeli- 
ness. Many  other  universities  adopted  parts  or  the  whole 
of  Uie  progi^m.  The  program  experienced  exponential 
growth  on-campus  from  its  beginnings  to  about  1988, 
while  the  off -campus  program  is  still  growing. 

Education  faculty  from  a  variety  of  discipline  areas— 
reading,  social  studies,  maUiematics,  and  science- 
developed  the  program.  None  of  the  faculty  had  technical 
backgrounds.  All  had  early  exposure  to  desktop  c<xnput- 
ers  and  became  excited  by  the  possible  applications  to  K 
through  12  education.  Since  1981,  the  degree  has  been 
offered  in  cities  across  tiie  country.  Approximately  5,000 
teachers  have  received  master's  degrees  from  fliis 
program,  whii;i  many  more  have  taken  courses.  The 
degree  is  currenUy  offered  in  24  locations. 

The  faculty's  philosophy  is  to  focus  on  technology  as 
it  can  make  a  difference  in  teaching.  Tool  use,  lockxag  at 
ways  to  put  Uie  child  in  control  of  his  or  her  learning,  and 
setting  up  classrooms  where  students  and  teachers  work 
collaboratively  on  problem  solving,  are  stressed. 

Technology  Goals 

The  computers  in  education  faculty  have  both  long 
term  and  short  tenn  goals.  In  the  short  term,  the  faculty 
hopes  to  keep  Uie  degree  program  current,  dropping 
requirements  that  no  longer  serve  teachers  and  continu- 
ously creating  courses  that  apply  emerging  technologies. 
Examples  of  dropped  requirements  include  most  of  Uie 
programming  language  courses,  courses  focusing  on 
software  evaluation  and  on  computer  aided  instruction. 
Some  of  die  newer  courses  include  such  topics  as  inte- 
grating multimedia  into  tiie  curriculum,  educational 
applications  of  HypeiCard,  and  video  as  an  educational 
technology. 

In  tiie  long  term,  tiie  computers  in  education  faculty 
envision  the  eventual  phasing  out  of  the  maser's  degree 
program.  Such  a  narrowly  focused  program  should  no 
lOTger  be  needed  when  technology  is  integrated,  as 
an)ropriate,  into  all  ti^  teacher  education  courses.  The 
faculty  recognizes  that  Uiere  will  always  be  a  need  for  a 
core  group  to  keep  well  informed  in  die  area  of  technol- 
ogy and  create  courses  focusing  on  new  developments. 
However,  the  degree  as  such  should  be  eliminated. 

To  implement  Uiis  goal,  in  the  early  1980s,  Uie 
computer  faculty  began  to  train  die  rest  of  Uie  education 
faculty  to  use  computers  for  Uieir  personal  needs,  such  as 
for  word  processing,  desktop  publishing,  and  statistical 
analysis.  The  computer  faculty  was  able  to  provide, 
through  its  giants  and  contracts,  adequate  technology  for 
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all  the  education  faculty  and  staff.  Computers  were  even 
"checked  out**  by  faculty  for  home  projects. 

Once  the  faculty  had  embraced  the  use  of  computers, 
we  assumed  technology  would  infiltrate  their  teaching. 
We  were  wrong.  In  1990,  to  remedy  the  situation,  the 
computer  faculty  decided  to  attack  the  problem  direcUy 
by  focusing  on  the  preservice  program  first  This  paper 
attempts  to  document  these  efforts  and  to  try  to  under-  • 
stand  the  continuous  frustrations  we  have  encountered. 

R0SuK$  of  Goal  lnnpl0fYi«ntation 

The  short  t&mx  goals  are  easy  to  implement  The 
computers  in  education  faculty  are  the  "believers**  and 
want  to  maintain  the  program*s  leadership.  As  a  national 
program,  it  is  not  difficult  to  keep  abreast  of  the  needs  of 
teachers  around  the  country.  Being  located  m  Cambridge, 
MA,  it  is  not  difficult  to  keep  abreast  of  the  latest  devel- 
opments in  technology.  What  has  been  difficult  and 
frustrating  is  attempting  to  implement  the  longer  term 
goals.  Reported  here  are  the  authors*  understandings  as 
gleaned  from  talking  with  the  faculty  who  teach  required 
preservice  courses. 

In  the  programs  as  they  are  now  stated,  no  explicit 
technology  requirements  are  mcluded  for  the  early 
childhood  certificate.  For  the  elementary  certificate, 
technology  is  a  part  of  the  course,  Methods  and  Materials 
of  Science,  Social  Studies  and  Health.  The  title  alone 
suggests  the  overwhelming  nature  of  the  course.  In  the 
middle  school  certificate  the  course.  Computer  Literacy 
for  Educators  is  required.  Technology  courses  are  offered 
as  electives  in  the  special  education  certificate  programs. 
Lesley  does  net  offer  secondary  certificates. 

The  faculty  comments  about  their  mvolvement  m 
technology  faU  into  nine  categories,  represented  by: 

1 .  I  never  thought  about  the  issue  of  technology. 

2.  Our  students  6on  *  t  see  computers  or  other  technolo- 
gies in  their  practicums  so  why  should  they  learn 
about  them  in  their  courses. 

3.  98%  of  the  people  working  with  4  and  5  year  olds  are 
against  using  computers  with  early  childhood  students. 

4.  Our  students  do  not  need  to  learn  about  technology 
here  because  they  will  learn  once  they  are  out  teach- 
ing. 

5.  I  have  always  had  trouble  getting  the  software  and 
hardware  I  need  to  the  class  in  which  I  am  teaching. 

6.  I  did  more  in  the  early  years,  but  software  was  not 
that  good  so  I  dropped  back  and  now  I  just  talk  about 
where  technology  might  help  elementary  students  with 
writing  and  spelUng. 

7.  In  the  area  of  special  education,  I  found  it  very  haixl  to 
keep  up  with  the  technology  so  I  dropped  it  out  of  my 
courses. 

8.  I  show  lots  of  software  in  class  but  do  not  require 
students  to  do  anything  with  it  out  of  class. 


9.  Technology  is  totally  integrated  into  all  my  courses.  I 
can*t  imagine  thinking  about  teaching  without 
technology. 

What  emerges  from  these  interviews  is  a  continuum 
relating  to  the  mtegration  of  technology  m  the  preservice 
courses  going  from,  "it  is  not  a  subject  I  ever  thought 
about**,  to,  "I  can*t  image  teaching  without  technology.** 
Unfortunately  for  our  students,  the  mtegrated  technology 
end  is  only  representative  of  one  faculty  member  teachuig 
one  section  of  a  four  section  course. 

UnderstCNicling  the  Issues 

Larry  Cuban  suggests  one  way  of  looking  at  the 
problem  when  he  observes  a  "linkage  between  the 
unharnessed  growth  of  a  specialization  within  a),\  levels  of 
schooling  and  the  absence  of  community  among  educa- 
tors engaged  in  teaching.'*  (1992b,  p.  8)  In  spite  of  the  fact 
that  the  computers  in  education  faculty  made  every  effort 
to  expose  the  education  faculty  to  all  forms  of  technology 
that  might  benefit  theu"  professional  work  and  their 
teaching  for  the  last  ten  years,  the  education  faculty  does 
not  yet  think  about  technology  as  havmg  a  bearing  on 
theii  specialization.  'Tie  three  people  expressing  the  most 
technology  aware  cc  mments  are  either  currently  or  were 
at  one  time  computer  faculty.  The  reasons  for  the  lack  of 
technology  being  integrated  into  the  mainstream  of  the 
school  of  education  courses  are  complex.  Many  of  these 
reasons  have  been  revealed  to  us  tlirough  our  years  of 
effort  at  Lesley  and  are  now  confmned  by  these  inter- 
views. They  mclude: 

-  Lack  of  enough  *3chnology  in  the  schools  for  it  to 
"make  a  difference**, 

-  Lack  of  adequate  teacher  education  to  have  role 
models  for  student  teachers, 

-  High  degree  of  specialization  among  college  faculty, 

-  Faculty*  s  ability  to  separate  their  personal  and 
professional  lives  from  their  course  content  and 
teaching  strategies, 

-  Speed  of  technological  developments  and  increased 
energy  requked  to  "keep  up**, 

-  Unwillingness  of  faculty  (or  probably  most  people)  to 
face  messy  problems, 

-  Lack  of  a  clear,  generally  accepted,  vision  for  the  role 
of  technology  in  education. 

Technology  In  the  Schools 

The  faculty  interviewed  gave  mixed  reports  as  to  the 
amounts  of  technology  they  see  in  the  schools  or  their 
students  talk  about  in  class.  Faculty  report  seeing  at  most 
one  computer  per  class  plus  a  computer  laboratory  per 
school.  Several  faculty  mentioned  noticing  much  less  in 
the  inner  city  schools.  One  practicum  supervisor,  who  has 
been  supervising  student  teachers  for  ten  years,  said  she 
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never  observed  a  lesson  where  her  student  teacher  used  a 
computer. 

The  literature  seems  to  back  up  the  percepti(His  of 
these  faculty.  Holden  notes  that,  "although  there  are  now 
an  estimated  1.5  million  computers  in  the  public 
schools— one  for  every  30  kids— nowhere  can  they  be 
said  to  have  transformed  education."  (p.  906)  Today's 
estimate  is  about  1  per  18  students.  Cuban  suggests  that 
even  though  there  has  been  a  dramatic  rise  in  the  number 
of  computers  in  schools,  "for  those  individual  students 
who  use  computers  (and  not  all  do),  the  time  they  spend 
doing  it  is,  on  average,  a  little  mofe  than  one  hour  a  week 
(or  4  percent  of  all  instnictional  time)...The  ovmll 
picture  after  the  introduction  of  the  personal  computer  a 
decade  ago  can  be  summed  up  in  a  one-line  caption: 
Computers  meet  classroom;  classroom  wins."  (1992a,  p. 
36) 

Teacher  Education 

Teacher  education  has  been  a  major  identified  need 
since  computers  first  appeared  in  schools.  Shao  say, 
"Only  a  third  of  all  public  school  teachers  have  even  10 
hours  of  computer  training — and  the  time  is  mostly  spent 
learning  to  use  the  machine,  rather  than  how  to  teach  with 
it..But  in  general,  little  is  being  done  to  remedy  the 
training  gap — ^by  the  education  colleges,  school  systems, 
or  the  companies  that  sell  into  this  market"  (p.  110)  It 
became  clear  to  the  computer  faculty  in  the  early  years, 
that  it  takes  about  1,000  hours  to  create  technology 
comfortable  teachers  who  are  able  to  begin  thinking  about 
integration  issues.  Once  this  1,000  hours  is  invested,  it  is 
then  necessary  for  teachers  to  commit,  in  addition  to  their 
usual  professional  develo^Hnent  time,  many  hours  keeping 
up  with  technology  change  .  The  whole  scenario  can 
quickly  become  discouraging  for  people  teaching  at  any 
level,  especially  those  hoping  finally  to  reap  the  rewards 
of  hard  work  early  in  their  careers. 

Faculty  Specialization 

Cuban  introduces  the  problem  of  specialties  from  a 
slightly  different  perspective,  but  it  is  nevertheless  the 
same  problem  being  encountered  at  LcwSley.  *The  notion 
that  professors  and  pi'actitioners  are  engaged  in  the  same 
enterprise,  sharing  common  purposes,  has  been  shredded 
into  finely  chopped  specialties,  distracting  dichotomies 
such  as  theory  and  practice,  and  an  abiding  hunger  for 
higher  status  by  inaeasing  the  distance  of  scholars  from 
public  school  classrooras."  (1992b,  p.  8)  Lesley  actually 
cannot  be  faulted  for  separating  theory  and  practice.  Its 
faculty  is  very  much  classroom  based.  However,  when  it 
comes  to  seeing  a  common  purpose  in  the  teaching  of 
reading,  or  science,  or  mathematics,  or  looking  at  the  role 
of  technology,  each  faculty's  specialty  is  the  most 
important  aid  therefore  should  take  up  most,  if  not  all  the 


student's  attention  while  in  graduate  school.  Woricing 
together  to  help  our  students  understand  the  problems  of 
schools  today  and  collaboratively  seeking  solutions,  even 
if  it  means  giving  up  a  required  course  in  a  particular 
specialty;  or  reworking  the  overall  concept  of  what  is 
necessary  today  to  be  an  effective  teacher,  has  not  yet 
taken  hold  here. 

Separation  of  Personal  and  Professional  Ufe 
Until  very  recently,  the  computer  faculty  was  not 
aware  of  this  phenomenon.  Watching  the  dramatic 
increase  in  use  of  technology  in  faculty  offices,  seeing 
faculty  borrow  computers  and  eventually  buy  them  for 
their  homes,  we  just  assumed  the  courses  these  people 
taught  also  were  being  affected.  It  wasn't  until  we  began 
meeting  regularly  with  the  staff  in  the  Computer  Center 
that  we  realized  the  very  few  faculty  requ^^sting  machines 
or  technology  support  for  courses.  For  the  past  three  years 
the  administration  has  set  asicie  money  for  faculty 
development  in  the  area  of  technology.  The  faculty 
Academic  Technc^ogy  Conunittee  can  fund  whatever  it 
wishes  based  on  the  proposals  it  receives.  It  has  been  a 
struggle  to  award  the  ruoney  each  year,  since  we  deter- 
mined form  the  first  to  focus  on  helping  faculty  integrate 
technology  into  their  curriculum.  Faculty  seem  to  clearly 
separate  their  personal  lives  from  their  teaching.  They  talk 
about  their  own  children  and  grandchildren  using  technol- 
ogy, they  express  interest  in  having  newer  machines  and 
more  software  for  their  offices,  but  do  not  seem  to  make  a 
linkage  to  their  own  teaching. 

Speed  of  Teclrinologlcal  Developments 

Problems  of  coping  with  change  have  existed  since 
recorded  history.  Heraclitus,  in  501  B.  C,  said,  "There  is 
nothing  permanent  except  change."  There  is  an  old 
Chinese  proverb,  "When  we  talk  of  tomorrow  the  gods 
laugh,"  while  the  Queen  toM  Alice  in  Through  the 
Looking  Glass,  *To  stay  where  you  are,  you  must  run  as 
fast  as  you  can.  To  go  anywhere  else,  you  must  run  faster 
yet."  People  have  always  used  change  as  an  excuse  for 
proaastinating.  It  seems  the  excuse  is  used  more  today, 
but  it  might  just  seem  that  way! 

Messy  Problems 

"The  common  observation  that  Americans  seek  a  cure 
for  every  disease,  a  tidy  ending  for  every  film,  and  a 
beautiful  sunset  after  a  troubled  day  has  become  a  clich6. 
This  culture  prizes  getting  the  job  done,  speedy  and 
efficient  technology,  and  asking  the  basic  question.  Will  it 
work?  Acknowledging  that  many  situations  are  unsolv- 
able  and  require  good-enough  U^de-offs  goes  against  the 
cultural  grain  and  creates  guilt  over  faihng  to  remedy 
problems." 

In  a  can-do  culture,  a  pervasive  sense  of  guilt  often 
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haunts  practitioners,  professors,  and  policymakers  who 
face  recurring,  insoluble  situations  and  repeatedly  fail  to 
'solve'  the  'problem.*"  (Cuban,  1992b,  pp.  7-8)  Our 
education  system  does  not  give  us  strategies  for  dealing 
with  real  problems  and  unsure  solutions.  This  is  one  of 
the  prime  areas  the  American  Association  for  the  Ad- 
vancement of  Science  (AAAS)  and  the  National  Council 
of  Teachers  in  Mathematics  (NCTM)  has  targeted  in  their 
work  over  the  last  10  years.  It  is  perhaps  understandable 
why  faculty  who  themselves  have  come  through  "tradi- 
tional" schools  do  not  cope  well  with  messy  problems. 
Integrating  technology  into  education  is  certainly  a  messy 
problem.  *The  fact  is,  after  more  than  two  decades  of 
research,  the  task  of  successfully  integrating  computer 
technology  into  regular  instruction  still  appears  daunting." 
(Holden,  p.  906) 

A  Clear  Vision 

NCTM  has  aeated  a  clear  vision  about  the  changes 
needed  in  the  precoUege  mathematics  curriculum.  The 
organization's  members  have  spend  untold  energy  over 
the  last  few  years  since  the  Curriculum  and  Evaluation 
Standards  for  School  Mathematics  was  published  to  get 
the  teachers  aaoss  the  country  to  accept  this  vision.  In  the 
area  of  technology,  however,  "after  a  decade  of  enthusi- 
asm, there's  still  no  clear  consensus  about  the  role,  value, 
or  effectiveness  of  computers  in  schools.  Well-thought- 
out  goals  are  still  lacking."  (Shao,  p.  108)  Another 
explanation  for  this  problem  is  offered  by  Marcia  Linn  at 
the  University  of  California  at  Berkeley  who  feels,  "there 
has  been  a  'backlash*  in  some  places  following  misguided 
enthusiasm  in  the  early  1980s  when  many  school  districts 
eagerly  piled  r.p  computers  from  whatever  sources  they 
could  muster...Although  teachers  are  generally  said  to  be 
interested  in  technology,  many  have  been  burned  by 
having  computers  'dumped  in  their  lap."*  (Holden,  p. 
907)  Similar  phenomena  are  noted  by  education  faculty 
interviewed.  Comments  such  as,  "In  the  early  years  I 
made  an  effort  to  integrate  technology  into  my  course,  but 
over  the  years  I  could  not  keep  up  with  the  changing 
technology,**  suggest  somewhat  of  a  backlash  at  the 
higher  education  level  as  well. 

Working  toward  o  Better  Situation 

Given  the  discussion  above,  let  us  assume  there  is  no 
clear  cut  solution  for  the  problems  outlined.  There  might, 
however,  be  guidelines  for  working  toward  a  better 
situation.  There  is  general  agreement  that  technology  is 
having  an  impact  on  our  world.  The  agricultural  revolu- 
tion took  5,000  years,  the  industrial  revolution  300,  the 
information  revolution  15.  A  first  positive  note  is  that 
most  people  recognize  this  situation,  even  education 
faculty.  Cuban  suggests  one  way  to  change  how  we  think 
about  such  dilemmas  are  "to  get  unstuck  from  familiar 


'solutions*  and  create  better  compromises  and  more 
elegant  tightrope  walks.**  (1992b,  p.  8)  The  interviews 
done  at  Lesley  for  this  paper  raised  awareness  of  the 
problem  and  started  a  conversation  that  is  long  overdue. 
Perhaps  these  arc  the  first  steps  to  getting  unstuck. 
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curriculum:  Training  school 
media  specialists 
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Introduction 

Eastern  Washington  University  offers  an  initial  level 
endorsement  in  school  library  media  that  enables 
a  teacher  to  administer  a  school  media  center  and/ 
or  instructional  materials  center.  Other  teacher  candidates 
choose  this  option  to  enhance  tlieir  knowledge  of  instruc- 
tional materials  and  technology.  This  endorsement 
program  was  reviewed  to  incorporate  foundation  stan- 
dards in  educational  computing  as  developed  by  the 
International  Society  for  Technology  in  Education  (ISTE, 
1992).  Rather  than  develop  a  separate  course  about 
computers  for  media  centers,  computer  components  were 
infused  throughout  the  endorsement  curriculum. 

Roles  of  School  Medio  Speciorists 

Four  roles  of  the  School  Media  Specialist  have  been 
delineated  (AASL  &  AECT,  1988).  These  include 
teacher,  manager,  infonnation  specialist,  and  instructional 
consultant.  The  SMS  is  an  active  teacher  of  ideas  and 
manager  of  resources,  in  addition  to  being  a  specialist  in 
the  area  of  information  sources,  foraials,  and  delivery 
systems,  which  are  incTeasingly  being  digitized.  Further, 
the  professional  SMS  is  an  instructional  consultant  who 
demonstrates  leadership  incorporating  computer-based 
technologies  throughout  the  curriculum.  While  teacher 
candidates  may  not  feel  qualified  to  teach  with  technology 
(OTA,  1988).  it  is  essential  that  the  SMS  have  this 
confidence.  Certification  programs  across  the  country  are 
increasingly  including  competencies  with  technology 
(Pettitt,  1992).  With  technologies  geomeuically  providing 
information  formats,  the  SMS  is  often  the  first  in  the 
building  to  teach  students  and  fellow  teachers  to  learn  to 
use  computer-based  technology  resources,  when  search- 
ing for  infonnation. 

Configurotion  Model 

From  the  Concerns-Based  Adoption  Model,  the 
concept  of  innovation  configurations  was  adapted  (Hall, 
G.  E.  &  Hord,  S.  M.,1987;  Hall,  G.  E.  &  Loucks,  S.  F., 
1978).  An  innovation  configuration  identifies  essential 
components  indicating  tiie  presence  of  using  an  innova- 
tion. A  configuration  model  was  created  to  develop  an 
integrated  program  of  study  for  the  general  undergraduate 
teacher  preparation  program  in  order  to  integrate  tech- 
nologies witii  course  content  (ISTE,  1992;  Todd,  1992). 
Three  indicators  were  selected  to  provide  a  process  model 
for  incorporating  a  variety  of  computer  based  technolo- 
gies and  activities:  a  course  content  objective,  computer 
practice,  and  ISTE  guideline.  Because  the  SMS  is 
expected  to  be  a  leader  in  technology  uses,  it  is  important 
that  technology  knowledge  and  skills  also  be  carefully 
incorporated  within  the  endorsement  program. 

Content  objectives.  An  essential  assimiption  is  Uiat 
computers  should  be  used  to  facilitate  content  learning. 
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That  is,  before  selecting  delivery  systems,  content  should 
be  identified.  Only  then  should  the  content  be  matched 
with  a  computer-based  technology  (Berger  &  Carlson, 
1988).  Therefore,  the  first  step  was  to  identify  existing 
course  content  that  could  be  facilitated  witli  a  computer- 
based  technology.  This  was  done  by  considering  possible 
activities  and  potential  software  programs  that  could 
facilitate  learning.  A  minimum  of  two  content  objectives 
were  identified;  however,  for  several  courses,  more  were 
selected.  By  having  candidates  participate  in  computer 
activities,  tl)ey  are  also  being  provided  by  faculty  with 
models  of  teaching  with  technology. 

Computer  practices.  After  listing  the  variety  of 
activities  that  would  be  used  to  facilitate  content  objec- 
tives, all  of  the  practices  tliat  might  reasonably  be 
included  were  listed.  As  a  working  database,  the  practices 
framework  developed  by  Sheingold  and  Hadley  (1992) 
was  used  for  reference  to  ensure  that  a  variety  of  practices 
would  be  included.  There  are  eight  major  categories  that 
include  thirty-six  types  of  tools.  These  include:  Text 
processing  (keyboarding,  outlining,  spell-checking  and 
thesauri,  and  word  processing),  instructional  software 
(drill  and  practice,  software  accompanying  textbooks, 
problem  solving,  and  tutorials),  analytic  tools  (calculators, 
charts  and  graphs,  databases,  laboratory  interfaces, 
spreadsheets,  and  statistical  programs),  programming  and 
operating  systems  (authoring,  BASIC,  Fortran,  Hypcrtalk, 
LOGO,  operating  systems,  and  Pascal),  games  and 
simulations  (instnictional  games,  microworlds,  and 
simulations  and  recreational  programs),  graphics  (com- 
puter-aided design  and  drafting,  desktop  publishing, 
drawing  and  painting,  music,  and  ready-made  art), 
communications  (commercial  mail,  on-line  databases,  on- 
line services,  public  bulletin  boards,  school- to-home 
communications,  and  school-to-school  communications) 
and  multimedia  (robotics  and  videodiscs).  Not  all  of  these 
were  selected  to  be  included;  just  those  most  relevant  to 
services  provided  by  a  SMS.  These  were  again  reviewed 
and  selections  of  content  objectives  and  practices  wert 
then  made,  so  that  a  variety  of  practices  would  be 
represented. 

ISTE  guidelines.  The  last  step  was  to  match  the 
activities  and  practices  with  appropriate  guidelines 
developed  by  The  International  Society  for  Technology  in 
Education.  This  group  developed  a  hst  of  thirteen 
computer  competencies  that  all  teachers  should  acquire. 
These  foundation  standards  have  been  approved  by  the 
National  Committee  for  Accreditation  of  Teacher  Educa- 
tion [NCATE]  as  accreditation  standards  for  teacher 
certification  programs.  These  programs  will  need  to 
ensure  that  all  candidate}?  meet  diose  foundation  stan- 
dards. Table  1  summarizes  the  content  of  each  of  the 
thirteen  competencies. 


Table  1 

ISTE  Foundation  Guidelines,  1992 


1.  Operating  computer  system  and  utilizing  software. 

2.  Evaluating  and  using  computer-based  technologies  for 
instruction. 

3.  Applying  research-based  principles  of  instruction  and 
assessment  to  using  computers. 

4.  Evaluating  and  using  computer-based  applications, 
documentation,  and  materials, 

5.  Using  computers  for  collecting  data,  communicating, 
making  decisions,  managing  information,  preparing 
presentations,  and  solving  problems. 

6.  Preparing  computer-based  activities  for  divergent 
student  populations  and  grouping. 

7.  Being  knowledgeable  about  software  applications  for 
one's  discipline  and  teaching  levels. 

8.  Being  knowkdgeable  about  instructional  uses  of 
hypermedia,  multimedia,  and  telecommunications. 

9.  Using  teacher  utilities  including  databases,  graphics, 
spreadsheets,  and  word  processing. 

10.  Demonstrating  and  modelmg  understanding  of  social 
issues,  including  equity,  ethics,  and  legal  applications 
of  using  computers. 

11.  Identifying  resources  that  provide  infonnation  about 
computer-based  technologies. 

12.  Using  computer-based  technologies  for  information 
access. 

13.  Using  computer-based  technologies  to  support 
changmg  roles  of  teaching  and  learning. 


Because  the  SMS  is  expected  to  be  a  leader  in 
technology  uses,  it  is  important  that  technology  knowl- 
edge and  skills  also  be  ca  '"uUy  extended  within  the 
endorsement  program.  Agiun,  these  were  reviewed  to 
ensure  that  all  thirteen  guidelines  were  addressed  as 
course  content  was  approached  with  computer  activities. 
A  minimum  of  two  guidelines  per  course  were  identified. 
Faculty  are  not  lunited  to  addressing  only  those  particular 
guidelines,  but  are  encouraged  to  use  computer-based 
technologies  wherever  appropriate  to  facilitate  content 
learning. 

Endorsennent  Knowtedgo  Bose 

Certification  requirements  for  an  endorsement  in 
learning  resources  in  Washington  state  include  six 
essential  areas  of  study:  Selection  of  learning  resources, 
reference  and  information  services,  children's  and  young 
adult  literature,  organization  of  materials,  management  of 
learning  resources,  and  production  of  leammg  resources. 

Table  2  displays  a  sunmmry  of  the  number  of  course 
content  objectives  that  were  selected,  computer-based 
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technology  practices,  types  of  computer  ioo\s  to  reach  tlie 
objectives,  and  the  ISTE  guidelines  that  will  be  fulfilled 
by  the  activities.  A  careful  examination  of  the  curriculum 
indicates  that  each  of  the  courses  incorporate  several 
ISTE  guidelines. 

Since  computer-based  technologies  cut  across  all  areas 
of  this  field,  a  pre-requisite  for  entering  endorsement 
program  is  a  course  in  Computers  for  Teachers  offered  by 
the  Computer  Science  Department.  The  r^nrse  provides 
basic  instructioii  in  word  processing, .       ses,  spread 
sheets,  graphics,  and  teleconununicationo.  m  this  way, 
students  have  a  rudimentary  introductory  knowledge  of 
operating  computers  and  utility  programs.  This  course 
meets  ISTE  guideline  number  one.  to  be  familiar  with 
computer  system  operation  and  software  utilization,  and 


guideline  number  nine,  to  be  able  to  use  a  variety  o\ 
teacher  utilities.  Endorsement  candidates  arc  required  to 
purchase  Mlcwsoft  Works'^  in  e'!her  Macintosh  or  DOS 
format  and  to  prepare  all  pajicrs  with  woi  d  processing, 
Ibey  also  must  use  the  electronic  databases  and  card 
catalog  in  the  university  libraries  to  access  information  for 
reports  and  papers. 

.  Selection  ofUarning  Resources,  Students  evaluate 
and  select  and  resources  in  a  variety  of  fomats  that 
include  computer  programs  and  laserdisc  products. 
Students  use  CD-ROM  databases  to  access  infonmation 
about  learning  resources,  a«i  well  as  apply  selection 
criteria  for  software  and  hardware  appropriate  to  school 
library  media  centers.  Students  are  introduced  to  on-line 


Table  2 

Curriculum  Matrix 

Number  of 

Content 
Objectives 

Practices 

Types  of 
Tools 

ISTE 
Guidelines 

Selection  of 
Learning  Resources 

4 

Text  processing 
Analytic  tools 
Communications 
Multimedia 
Instructional 
Games  &  Simui<«(ions 

Word  processing 
Databases 
On-line  services 

4,7, 8,9, 12 

Infonnation  and 
Reference  Services 

4 

Text  processhifi 
Analytic  tools 
Conununications 
Multimedia 
Instructional 

Word  processing 
Databases 
On-line  databases 
CD-ROM/laserdiscs 

2,  3, 6,  7. 
9.  12. 13 

Children's  and  Young 
Adult  Literature 

3 

Text  processing 
Instructional 
Games  &  simulations 

Word  processing 

4,6,9 

Organization  of 
Materials 

6 

Analytic  tools 

Statistical 
On-line  services 
Databases 

5.9 

Management  of 
Learning  Resources 

2 

Text  processing 
Analytic  tools 

Word  processing 
Spreadsheets 

5, 9, 10. 12 

Production  of 
Learning  Resources 

4 

Programming 

Multimedia 

Graphics 

Authoring  systems 
Videodisc 
Ready-made  art 

1,4,8,9, 13 

Drawing/painting 
Desktop  publishing 
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databases  for  materials  selection  since  the  SMS  can 
access  on-line  sources  and  create  purchase  requests  via 
telecommunications.  Students  also  volunteer  for  ten  hours 
in  a  school  library  media  center  evaluating  tlie  collection 
and  nxommending  additional  resources  in  many  formats. 

Informtion  and  Reference  Services,  Students  learn 
about  a  variety  of  information  sources  and  instructional 
methods  for  incorporating  tliose  sources  in  lessons 
including  using  instructional  software  for  infonnation 
seeking.  Students  learn  to  teach  on-line  searching  skills 
that  incorporate  laserdisc  reference  products  that  support 
the  curriculum.  Students  also  spend  ten  hours  in  a  school 
library  media  center  developing  instructional  strategics 
and  teaching  that  iiKludc  electronic  infonnation  sources. 

Children's  and  Young  Adult  Literature,  This  course 
provides  an  opportunity  for  students  to  examine  com- 
puter-based technologies  that  support  literature  apprecia- 
tion. Students  have  an  opportunity  for  hands-on  evalua- 
tion of  instfuctional  software,  including  CD-ROM  and 
videodisc  products  and,  which  can  be  used  for  literature 
enrichment. 

Organization  of  Materials,  In  Uiis  course,  students 
learn  to  use  and  evaluate  compiJterized  circulation 
systems,  lliey  learn  to  use  these  systems  to  generate 
circulation  reports  incorporating  statistics.  They  also  use 
computers  to  process  materials  and  leam  to  adapt  machine 
readable  database  records  for  classifying  and  cataloging 
resources.  These  records  can  be  acquired  in  CD-ROM 
formats  or  through  on-line  services.  Students  also  spend 
ten  hours  in  a  school  library  media  center  processing  and 
organizing  materials.  Only  two  of  the  ISTE  guidelines  are 
specifically  addressed  in  this  course;  however,  this  class 
is  the  most  technology-infused  of  tlie  sequence  because 
computers  are  used  in  each  session. 

Production  of  Learning  Resources.  The  purpose  of  this 
course  is  to  practice  methods  of  developing  materials. 
Students  adapt  materials  and  prepare  original  works. 
Students  will  use  hypermedia  and  authoring  systems  to 
create  original  materials  or  edit  videodisc  products.  They 
also  can  use  paint  programs  and  desktop  publishing  to 
prepare  hand-outs  and  overhead  transparency  masters. 

Management  of  Learning  Resources,  This  course 
focuses  on  administrative  tasks  including  policies  and 
procedures  for  managing  resources,  facilities,  personnel, 
and  budgets.  Students  in  this  course  use  spread  sheet 
programs  to  develop  and  analyze  simulated  budgets. 

A  capstone  experience  is  a  practicum  of  90  hours  in  a 
school  library  media  center  taken  in  conjuncdon  with  the 
management  class.  Criteria  for  placement  include  the 


presence  of  computer  resources.  Approved  practicum 
mcilia  centers  must  have  a  computerized  circulation 
system  and  electronic  databases.  Participants  engage  in 
the  full  range  of  SMS  responsibilities  including  collabo- 
rating with  classroom  teachers  to  incorporate  technology 
information  souices  in  lessons. 

Sunvnary 

The  configuration  model  provides  a  structure  to 
review  a  curriculum  that  coordinates  technology  uses 
across  a  program.  Faculty  can  monitor  and  adjust  class- 
room experiences  to  ensure  that  students  have  a  wide 
variety  of  experiences  with  many  different  technologies. 
It  also  helps  to  yield  information  that  is  useful  for 
planning  technology  acquisitions. 
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Integrating  technology 
into  graduate  teacher 
education 

Randall  Parker 
Northeast  Missouri  State  University 


As  technology  becomes  more  accessible  to  teachers 
and  students  across  the  nation,  teacher  education 
programs  have  both  the  opportunity  and  the 
obligation  to  provide  potential  professional  educators  with 
access  to  innovative  applications  of  eaucational  technol- 
ogy. Recent  articles  and  studies  have  called  for  a  closer 
connection  between  teacher  preparation  in  the  use  of 
technology  and  the  application  of  technology  into  k-12 
classrooms  (White,  1991;  Brooks  and  Koop,  1989).  In 
many  cases,  school  leaders  often  find  that  new  teachers 
need  as  much  training  and  experience  with  educational 
technology  as  do  veteran  faculty  members  of  traditional 
school  systems  (Teachers  and  Technology,  1991),  Several 
authors  (Niess  1991,  Bitter  and  Yohe  1989,  Bruder  1989) 
have  called  for  major  revisions  in  teacher  education 
programs  so  that  beginning  teachers  will  be  prepared  to 
develop  and  teach  with  an  understanding  of  and  a  desire 
to  use  new  educational  technology.  Unfortunately, 
colleges  of  education  too  often  lag  behind  the  rest  of  the 
campus  in  access  to  and  incorporation  of  technology 
(Power  On!  New  Tools  for  Teaching  and  Learning,  1988). 
Northeast  Missouri  State  University  and  the  Division  of 
Education  have  taken  an  active  position  to  meet  the 
challenge  of  providing  training  in  and  access  to  educa- 
tional technology  for  beginning  teacher  educators. 

Between  1987  and  1993,  Northeast  Missouri  State 
University  (NMSU)  has  invested  over  $1.4  million  in 
academic,  library,  research  computing  and  technology 
facilities.  Eight  divisional  and  eight  residence  hall 
computing  labs  located  throughout  the  campus  provide 
student  access  to  mainframe,  IBM,  Apple,  and  Macintosh 
COTiputers.  These  labs  are  administered  by  the  university 
Instructional-Technology-Center  (ITC)  and  most  are  open 
seven  days  a  week.  The  ITC  staff  works  directly  with  the 
faculty  and  support  staff  of  the  university  to  develop  ways 
of  incorporating  instructional  technology  throughout  the 
coursework  of  the  Liberal  Arts  and  Science  curriculum.  In 
addition,  the  ITC  at  present  provides  access  to  43  cable 
channels  as  well  as  the  downlinking  of  teleconferences 
and  other  satellite  programs  through  the  National  Univer- 
sity Teleconferencing  Netw(M-k  (NUTN)  and  the  Educa- 
aonal  Satellite  Network  (ESN).. 

Technoiogy  In  Teacher  Educcfwn  at  NMSU 

One  particular  aspect  of  this  investment  in  instruc- 
tional technology  is  the  development  of  the  NMSU 
Teacher-Technology-Center  (TTC),  a  critical  component 
of  NMSU' s  innovative  Master  of  Arts  in  Education 
(MAE)  graduate  education  program.  Through  the  TTC, 
the  university  seeks  to  integrate  computer,  video,  and 
multi-media  technology  and  to  provide  prospective,  as 
well  as  current,  educators  with  training  and  application 
opportunities  in  focusing  technology  toward  instructional 
improvement,  curriculum  development,  classroom 
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management,  active  research,  and  continued  professional 
development. 

The  Master  of  Arts  in  Education  (MAE)  degree 
program  is  the  only  initial  graduate  level  teacher  prepara- 
tion program  m  Missouri  and  the  only  teacher  preparation 
program  at  NMSU.  The  program  is  designed  to  provide  a 
nationally  competitive  teacher  education  at  the  graduate 
level  for  students  who  possess  a  bachelor  of  science  or  a 
bachelor  of  arts  degree  in  a  liberal  arts  and  science  field. 
Many  of  the  MAE  students  have  completed  their  under- 
graduate degree  at  NMSU,  however  the  undergraduate 
degree  can  be  completed  at  any  other  aonredited  institu- 
tion of  higher  education  with  a  liberal  arts  and  science 
emphasis. 

The  TTC  consists  of  a  multi-media  laboratory,  a 
recording  studio  suite,  and  a  microcomputer  center.  These 
facilities  are  housed  and  administered  within  the  Division 
of  Education  and  centrally  located  in  one  of  NMSU's 
main  academic  buildings.  The  university  employs  one  full 
time  staff  member  with  computer  and  technology  experi- 
ence to  coordinate  the  TTC  and  the  center  is  staffed  by 
NMSU  students  trained  in  the  use  of  educational  technol- 
ogy. The  TTC  was  developed  to  provide  access  to  and 
hands-on  experience  with  educational  technology  for 
MAE  graduate  education  students  in  the  curricular  areas 
of  elementary,  secondary,  and  special  education.  The  TTC 
staff  regularly  conducts  workshops  for  students  and 
faculty  in  the  use  of  newly  acquired  hardware  and 
computer  software.  In  addition,  computer  simulations, 
video  and  teleconferences,  and  other  special  technology 
projects  are  included  by  the  faculty  as  part  of  the  graduate 
teacher  education  coursework.  Although  the  primary 
mission  of  the  TTC  is  graduate  teacher  education,  the 
facilities  are  open  to  the  public  and  are  regularly  utilized 
by  undergraduate  students,  faculty,  student  organizations, 
public  school  teachers,  and  the  general  public. 

Mutti-media  Laboratory 

In  the  multi-media  laboratory,  prospective  teachers 
acquire  skills  in  developing  and  producing  instructional 
materials  for  a  variety  of  classroom  settings.  These 
materials  include  grade  level  and  subject  specific  hands- 
on  student  activities,  student  instructional  manipulatives, 
photography  and  slide  presentations,  art  projects,  photo- 
copies, overhead  transparencies,  and  film  presentations. 
These  materials  are  then  utilized  by  teacher  education 
students  in  teacher  education  seminars,  classroom 
simulations,  field-based  and  clinical  teaching  experiences, 
and  in  extended  teaching  internships  in  the  public  schools. 

Recording  Studio  Suite 

Through  the  use  of  the  recording  studio  suite,  the 
Education  Division,  with  the  cooperation  of  the  NMSU 
Career  Placement  Center,  provides  mock  job  interviews, 


mock  parent/teacher  conferences,  classroom  simulations, 
and  micro-teaching  experiences.  Videotapes  of  these 
experiences  are  later  critiqued  by  the  individual  students, 
teacher  education  faculty,  and/or  in  group  seminars. 
Through  these  activities,  prospective  teachers  also 
become  proficient  in  the  operation  and  instructional 
applications  of  video  recording  and  playback  equipment. 
In  addition,  a  current  library  of  videotapes  addressing 
such  concerns  as  classroom  management,  teaching 
techniques,  and  child  development  is  available  for  student 
and  faculty  use.  Facilities  for  access  to  43  cable  channels 
as  well  as  the  downlinking  of  teleconferences  and  other 
satellite  pro^^rams  are  also  available. 

Microcomputer  Center 

The  microcomputer  center,  the  newest  (1991)  addition 
to  the  TTC,  features  a  Macintosh  LC  and  printer  network, 
file  servers,  Macintosh  Classics,  Apple  He's,  Apple 
IlGS's,  IBM  5SSX's,  IBM  compatible  laptops,  and  IBM 
multi-media  stations.  Programs  include  tutorials,  word 
processing,  data  bases,  spread  sheets,  deskt(^  publishing, 
and  interactive  video  simulations.  Users  are  given 
opportunities  to  develop  instructional  and  evaluation 
materials,  react  to  classroom  management  simulations, 
leam  and  apply  a  full  array  of  student  centered  academic 
software  for  various  (K-12)  grade  levels,  and  are  encour- 
aged to  utilize  this  equipment  in  innovative  and  creative 
instructional  j^plications.  Use  of  this  facility  enables 
graduate  teacher  education  students  to  be  more  prepared 
to  integrate  technology  into  their  planning  and  instruction 
during  their  te  .ching  internships  and  in  their  teaching 
careers  after  ^^raduation. 

Care  is  taken  to  provide  students  with  experience  and 
specific  training  in  the  quality  and  variety  of  hardware 
and  software  available  for  their  use  in  the  public  school 
inteiTiship.  The  Coordinator  of  Field  Experiences  works 
with  the  rrC  staff  and  the  teachers  and  administrators  in 
:he  public  school  internship  sites  throughout  Missouri  to 
insure  that  the  integration  of  technology  is  a  partnership 
between  the  university  and  the  public  schools.  Internship 
sites  are  regularly  surveyed  to  assess  the  type  and  variety 
of  technology  available  to  our  students  in  the  public 
schools.  This  data  is  used  to  make  decisions  both  on  what 
new  technology  to  acquire  and  how  to  best  upgrade  our 
technology  curriculum.  Another  example  of  this  coordina- 
tion is  the  use  of  conrnnon  types  of  computers  and 
software  in  the  TTC  and  in  the  local  public  school  system. 
In  this  way,  MAE  students  are  able  to  develop  computer 
skills  in  the  TTC  and  then  utilize  those  skills  using  the 
same  hardware  and  software  in  the  classrooms  and 
computer  labs  of  the  local  public  schools  during  their 
classroom  observations  and  clinical  field  experiences. 
This  collaborative  effort  allows  students  to  apply  their 
technology  skills  in  actual  teaching  situations  prior  to 
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beginning  the  teaching  internship. 

Graduate  teacher  education  students  also  have  open 
access  to  the  NMSU  Academic  Computing  Labs  and  are 
provided  instruction  in  utilizing  e-mail,  MORENET, 
INTERNET,  TELNET,  and  BITNET  both  while  on 
campus  and  during  their  teaching  internships  in  the  public 
schools.  This  technology  allows  these  future  teachers  to 
broaden  their  access  to  research  data,  increase  their 
contact  with  university  supervisors  while  in  the  teaching 
internships,  and  provides  a  network  for  gathering  and 
reporting  data  for  the  research  component  of  the  Masters 
of  Arts  in  Education  degree. 

Future  Plans  and  Co^M^lusions 

The  continuing  development  of  the  Teacher  Technol- 
ogy Center  is  evidence  of  the  ongoing  commitment  of  the 
Master  of  Arts  in  Education  (MAE)  program  and  NMSU 
toward  the  integration  of  technology  into  the  teacher 
education  program.  The  initial  steps  of  this  commitment 
presented  here  have  been  well  received  by  students, 
university  faculty,  and  by  the  teachers  and  administrators 
in  the  public  schools.  In  addition  to  the  continuous 
upgiade  of  computer  hardware  and  software,  as  well  as 
increasing  holdings  in  the  video  library,  plans  are  being 
made  to  develq)  a  fiber  c^tic  backbone  between  all 
university  buildings,  acquire  additional  phone  lines  and 
high  speed  modems,  and  to  develop  interactive  video 
networks  between  the  Division  of  Education  and  the 
public  school  internship  sites.  Through  commitoients  such 
as  this  will  c«ne  innovative  and  aeative  teachers  who  are 
not  only  well  grounded  in  their  content  area  but  also  have 
the  advantages  of  reflective  analysis  through  video 
simulations  and  extensive  experience  in  the  integration  of 
current  technology  for  the  modem  classroom  setting. 
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Modernity  has  pushed  the  curriculum  in  teacher 
education  out  to  sea.  After  once  reposing  on  a 
solid  rock  of  tradition  built  on  behavioristic 
methods  of  instruction,  what  teacher  educators  now  hope 
prospective  teachers  will  learn  has  become  vastly  larger 
and  more  complicated.  For  example,  as  the  school-age 
population  becomes  more  diverse,  there  is  a  pressing  need 
to  help  prospective  teachers  understand  the  relationships 
among  race  and  class  and  schooling  (Nieto,  1992).  But 
how  much  time  and  effort  should  be  spent  exploring  these 
issues?  Likewise,  teacher  educators  now  have  a  dramati- 
cally enriched  curricula  with  respect  to  subject-specific 
pedagogy  (McDiarmid,  Ball,  &  Anderson,  1989).  When 
does  the  tempered  teacher  educator  forego  such  instruc- 
tion for  other  important  topics?  Moreover,  what  should 
prospective  teachers  be  taught  about  technology?  Clearly, 
teacher  educators,  like  all  educators,  must  face-up  to  all 
that  they  cannot  teach;  they  must  stare  squarely  at  the 
mountain  of  the  null  curriculum  and  decide  what  knowl- 
edge will  be  priveleged  in  their  programs.  Add  to  the 
mountain's  scree  the  need  to  develop  teachers  who  will 
"teach  against  the  grain**  (Cochran-Smith,  1991),  teachers 
who  will  resist  the  largely  formulaic  approaches  to 
instruction  and  bring  significant  innovation  to  the 
profession.  In  this  paper,  we  suggest  that  the  molehill  of 
the  explicit  curriculum  in  teacher  education  should 
include  the  exploration  of  technologies  that  go  beyond 
what  is  currently  available  to  educators.  Indeed,  teacher 
educatcH'S  interested  in  technology  must  be  developers  of 
such  technology.  We  also  suggest  that  whatever  technol- 
ogy preservice  teachers  learn  they  must  come  to  consider 
essential  to  teaching.  They  must  consider  technology  as  a 
tool  which  they  require  to  do  their  jobs  well.  We  use  as 
an  example  the  development  and  implementation  of  a  bar 
code  grade  recording  system. 

Two  Views  on  Technology  in  Teacher  Educotion 

One  way  to  look  at  technology  in  teacher  education  is 
to  see  it  as  a  tool  for  helping  preservice  teachers  under- 
stand and  use  the  technology  that  exists  in  the  schools, 
those  devices  which  are  currently  available.  If  one  sees 
things  in  this  way,  the  curriculum  in  teacher  education 
becomes  one  which  attempts  to  mirror  what  preservice 
teachers  will  likely  see  when  they  begui  teaching.  This 
approach  is  tantamount  to  what  has  been  called  the  ''good 
employee**  approach  to  teacher  education  (Doyle,  1991). 
Another  way  of  looking  at  technology  ui  teacher  educa- 
tion is  to  view  it  as  a  tool  for  changing  the  way  educators 
manage  their  professional  lives.  From  this  view,  the 
teacher  educator* s  job  is  to  broaden  preservice  teachers* 
analytical  sights  and  help  them  to  engage  ui  uistruction 
that  improves  on  what  now  prevails  in  the  schools.  This 
approach  to  teacher  education  has  been  called  "reflec- 
tive,*'  among  others. 
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When  applied  directly  to  technology,  there  are  two 
essential  paths  that  teacher  education  can  take.  One  helps 
teachers  become  more  informed  about  the  intellectual  and 
emotional  growth  of  their  students.  The  second  helps 
teachers  become  more  reflective  and  thoughtful  about 
their  own  profession.  That  is  to  say,  teachers  must  come 
to  be  aware  of  their  own  position  in  the  culture's  profes- 
sional landscape  and  perhaps  the  ways  in  which  they  are 
being  shortchanged  (even  oppressed)  as  a  result  of  being 
teachers.  This  second  path  towards  reflection  is  the  one 
we  explore  here.  Teachers  are  required  by  school 
bureaucracies  to  carry  out  bleak  administrative  tasks, 
unbefitting  of  a  professional.  For  example,  what  other 
professional  is  required  to  record  literally  thousands  of 
numbers  in  a  ledger  and  later  calculate  averages  on  those 
numbers.  Other  professionals  in  our  society  are  provided 
with  secretarial  supp(^  for  such  tasks,  increasing  the  time 
they  have  for  addressing  their  true  professional  chal- 
lenges. The  current  teacher/secretary  portrait  of  class- 
room educators  serves  to  disincline  teachers  from  access 
to  genuine  professionalism. 

Emancipating  Teochers  wHh  Technology 

The  first  point  of  view  suggests  that  technology 
instruction  in  teacher  education  should  focus  solely  on 
assisting  preservice  teachers  with  the  kinds  of  technology 
th  X  schools  currently  use,  that  such  a  focus  might  be 
directed  towards  technologies  impacting  student  learning. 
Of  course,  the  problem  with  this  approach  is  that  very 
little  technology  exists  in  the  schools.  Although  we  agree 
that  teaching  prospective  teachers  to  use  the  available 
technology  is  important,  it  does  not  help  preservice 
teachers  take  on  the  task  of  reforming  the  way  teachers 
now  work.  We  favor  instruction  in  new  forms  of  technol- 
ogy coupled  with  the  skills  fOT  obtaining  such  technology. 
In  this  model  preservice  teachers  would  be  instructed  in 
various  systems  of  empowering  technology  (those  forais 
which  reduce  the  time  a  teacher  spends  on  tasks  that  result 
from  not  having  a  secretary).  Alongside  instruction  in 
emancipating  managerial  technology,  preservice  teachers 
would  also  explore  insmictional  technologies,  though  we 
contend  that  these  two  types  of  instruction  are  allied. 

What  do  we  mean  by  emancipating  technology? 
Teachers  lament  that  their  administrative  demands  are 
growing  (Kischkel,  1990),  yet  very  litUe  research  and 
development  in  teacher  education  and  technology  is 
devoted  to  developing  technology  that  frees  teachers  from 
cheerless  administrative  tasks.  An  ERIC  search  under- 
taken to  discover  whether  or  not  this  phenomena  had  been 
documented  revealed  no  pertinent  studies  on  technologi- 
cal solutions  to  teachers'  administfative  tasks.  In  an 
attempt  to  begin  documentation,  we  gave  a  short  survey  to 
the  faculty  (N  =  36)  at  an  elementary  school  that  we 
believe  is  fairly  typical  of  most  elementary  schools.  We 


asked  them  to  report  how  much  time  they  spent  each  day 
or  week  (a)  grading  student  papers,  (b)  developing  new 
curriculum,  (c)  recording  student  grades,  (d)  planning 
lessons,  (e)  and  communicating  with  parents.  Our 
respondents  also  reported  how  much  time  they  spent  and 
calculating  grades  for  report  cards. 

Their  responses  revealed  that  they  spent  the  majority 
of  their  time  planning  lessons  and  developing  new 
curriculum,  both  unsurprising  findings.  More  startling, 
however,  was  the  discovery  that  these  teachers  spend  an 
equal  amount  of  tune  communicating  with  parents  and 
recording  student  grades  in  gradebook  (approximately  3 
houre  per  week).  Furthermore,  they  spend  an  average  of 
3.5  hours  calculating  grades  for  reporting  purposes, 
though  this  task  need  be  completed  just  once  every  six 
weeks. 

What  makes  this  fact  so  wcHTisome  is  that  other 
professionals  are  not  required  to  spend  so  much  of  their 
day  in  burdensome  "administrivia/'  The  previous 
investigation  endorses  the  view  that  teachers  are  being 
asked  to  do  more  paperwork  than  they  should. 

A  Bar  Code  Grado  Rocorder  Prototype 

To  address  this  oversight,  we  have  developed  for  the 
classro<Hn  teacher  a  bar  code  reader  that  interfaces  with  a 
Macintosh  computer  for  routine  administrative  tasks  such 
as  recording  grades.  Our  bar  code  grade  recorder,  now  in 
the  development  stage,  frees  teachers  from  the  dreary  task 
of  manual  data  entry. 

The  bar  code  reader  is  a  light  pen  resembling  the  type 
used  in  many  library  circulation  systems.  Bar  codes  are 
now  very  common  in  what  is  known  as  point-of-sale 
systems  and  are  well-suited  for  any  application  requiring 
quick  data  entry.  Partly  as  result  of  their  wide  use,  bar 
code  readers,  like  the  one  used  here,  are  inexpensive 
(often  less  than  $250). 

The  bar  code  reader  interfaces  with  the  computer  via 
an  inexpensive  serial  interface.  Bar  codes  are  inconx^rated 
into  tests,  worksheets,  and  other  assignments  in  order  to 
automate  the  recording  process.  Bar  codes  are  used  to 
identify  students,  assignments,  tests  and  grades.  After 
grading  a  set  of  tests  in  the  usual  manner,  a  teacher  would 
be  able  to  easily  record  the  grades  by  scanning  the  bar 
codes  printed  on  the  test  that  identify  the  test  number  and 
the  student.  A  score  card  with  pre-printed  bar  codes 
representing  all  possible  grades  would  be  used  to  assign  a 
gi-ade  for  each  student. 

Bar  codes  can  be  added  to  tests,  grade  sheets,  and 
instructional  materials  using  ♦  vo  different  methods.  The 
simplest  technique  is  to  employ  software  that  can  produce 
and  i»int  the  desired  codes  on  adhesive  labels.  These  are 
the  applied  to  tests,  assignments,  woiksheets  etc.  A 
somewhat  more  advanced  approach  involves  the  creation 
on  tests  and  other  material  with  the  bar  codes  ahready  in- 
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Figure  1  illustrates  the  reader  used  in  our  sys  am. 


place.  This  approach  requires  desktop  publishing  software 
and  other  utilities  that,  at  present,  are  not  widely  avail- 
able. To  streamline  the  grading  a  process  the  teacher 
could  prepare  a  sheet  of  bar  codes  renresenting  each 
student  in  a  class. 

Conclusion 

Bar  code  grade  recorders,  along  with  other  inexpen- 
sive technology  may  assist  teachers  in  focusing  their 
professional  energies  in  directions  that  are  truly  profes- 
sional. We  argue  that  such  emancipating  technologies 
must  be  incorporated  into  teacher  education  curricula.  In 
the  proposed  preservice  teacher  education  program, 
students  are  instructed  in  how  to  use  this  bar  code  grade 
recorder  system  with  the  hope  that  they  would  come  to 
see  such  technology  as  indispensable  to  their  profession. 
Teachers  must  begin  to  view  technology  as  critical  to 
their  job.  Teacher  education  might  be  the  place  to  start 
this  new  vision. 

The  central  task  of  those  in  technology  and  teacher 
education  should  be  the  development  of  empowering 
technology,  presented  alongside  methods  for  obtaining 
such  technology.  Teacher  educators  must  act  as  the 
creative,  reflective  agent  in  the  process  of  teacher  change. 
The  bar  code  grade  recorder  project  presented  here  may 
act  as  a  map  for  this  kind  of  endeavor. 

Although  the  bar  code  grade  recorder  is  not  necessar- 
ily designed  to  imi^ove  instructional  practice,  this 
technology  might  assist  the  teacher  in  developing  other 
technologies  that  would  impact  students  directly.  Peda- 
gogical innovation  often  occurs  when  teachers  gain 


mastery  over  a  technology  themselves,  then  introduce  it  to 
their  students.  Take  word  pnKessing  as  an  example:  First, 
hundreds  of  teachers  learned  to  use  a  word  processor,  then 
they  found  it  an  indispensable  part  of  their  professional 
lives;  then,  with  verve  and  enthusiasm,  they  taught  their 
students  how  to  use  word  processors.  Students  then 
caught  their  enthusiasm  and  a  proclivity  to  become 
excited  by  technology. 

Here  is  a  scenario,  one  among  many,  that  may  occur 
as  a  result  of  a  bar  code  grade  recorder.  A  teacher 
becomes  familiar  with  bar  code  technology  and  finds  the 
grade  recorder  a  useful  instrument  While  daydreaming 
in  the  checkout  line  at  the  department  store,  she  notices 
that  the  checker  has  a  deluxe  bar  code  reader  and  wonders 
what  would  happen  if  her  students  all  had  bar  code  pens. 
Ideas  tumble  forth  and  a  new  application  is  bom.  What  if 
all  her  students  had  a  light  pen  at  their  ^esk  and  they 
could  answer  questions  by  passing  a  light  pen  over  a  bar 
code  at  their  desk?  And  what  if  their  pens  were  all 
connected  to  a  ccMnputer  that  would  display  the  bar  codes 
the  students  chose?  An  mstant  record  of  student  re- 
sponses would  be  created.  No  longer  would  students  need 
to  raise  their  hands  and  be  embarrassed  by  an  incorrect 
answer.  They  could  simply  pass  their  pen  over  the  correct 
response.  She  could  tell  who  was  understanding  the 
lesson  by  glancing  at  the  monitor.  Students  would  no 
longer  feel  embarrassed  by  answering  incorrectiy. 
Perhaps  lessons  could  come  with  its  own  question  sheet 
with  bar  codes  printed  right  on  them.  Perhaps  each 
student  could  use  their  light  pen  to  enter  other  types  of 
inforniation? 
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It  I)  our  contention  that  prospective  teachers  must 
leani  to  use  technology  that  is  not  yet  available  and 
encouraged  to  think  in  ways  yet  unexplored.  Teacher 
educators  must  lead  the  way.  New  technology  carries 
with  it  the  mandate  to  emancipate  teachers  from  the 
tedious  tasks  they  have  historically  be  asked  to  perfonn. 
We  have  provided  one  example. 
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Infroduction 

Videodisc  technology  is  becoming  inaeasingly 
useful  and  popular  in  education.  Over  fifty  per 
cent  of  the  scboci  districts  in  tbe  United  States 
report  that  tbey  are  using  videodiscs  (Quality  Educational 
Data,  1991).  The  benefits  of  using  videodiscs  in  instruc- 
tion include  a  reduction  in  learning  time,  increased 
mastery  of  subject  matter,  increased  retention,  more 
consistency  in  instruction,  faster  and  easier  access  to 
information,  and  greater  motivation  and  learning  enjoy- 
ment (Hasselbring,  1988;  Miller,  1990;  Montgomeiy  & 
Sayre,  1989). 

Recently,  the  state  of  Rorida  provided  a  videodisc 
player  for  every  public  school  in  the  state.  While  this  was 
certainly  a  positive  move  for  Florida  educators  and  for 
technology  in  education,  it  provided  an  immediate  and 
unique  challenge  for  staff  development  in  schools  and 
school  districts  throughout  the  state.  Teacher  training 
programs  were  also  faced  with  a  need  to  provide  training 
about  videodisc  technology  to  future  teachers.  This  paper 
describes  the  products  and  services  developed  at  the 
University  of  Central  Florida  to  supp(Mt  the  implementa- 
tion of  videodisc  technology  in  FlcMida  schools. 

Background 

The  University  of  Central  Florida's  Instructional 
Technology  Resource  Center  is  funded  by  the  Rorida 
Department  of  Education  to  provide  information  to 
Rorida  educators  about  new  and  emerging  technologies. 
Originally  funded  to  provide  infonnnaticHi  about  computer 
literacy  to  Rorida  schools,  the  Center  has  distributed  print 
and  non-print  materials  about  new  technologies,  including 
CD-ROMs  and  interactive  videodiscs,  to  educators  for 
several  years.  A  series  of  reproducible  brochures,  entitled 
"What  Every  Educator  Needs  to  Know  about  the  New 
Technologies,"  has  been  produced  and  distributed  by  the 
Center,  A  quarterly  newsletter,  distributed  to  every  school 
in  the  state,  provides  timely  news  about  technology  in 
education,  and  several  issues  have  featured  articles  on 
videodisc  technology.  Because  of  its  work  in  informing 
educators  about  emerging  technologies,  the  Center  was 
uniquely  poised  to  offer  support  for  educators  attempting 
to  integrate  videodisc  technology  into  their  school 
curricula. 

The  aniwuncement  of  the  funding  of  videodisc  players 
by  Rorida' s  Commissioner  of  Education,  Betty  Castor, 
provided  the  impetus  for  tbe  Center  to  develop  materials 
to  supptxt  the  initiative.  Products  and  services  were 
developed  in  several  phases. 

Phase  I 

The  Center  staff  gave  immediate  priority  to  supporting 
this  initiative.  There  was  an>roximately  a  three  month's 
lead  time  between  the  announcement  of  the  funding  and 
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the  delivery  of  the  videodisc  players.  Because  additional 
funding  was  not  available  to  the  Center  at  this  time  for 
this  project,  low  cost  alternatives  were  discussed.  The 
following  strategies  were  developed:  1)  to  update  and 
revise  the  new  technologies  brochures  series;  2)  to 
develop  a  special  videodisc  issue  of  the  Center's  quarterly 
newsletter,  The  Printout;  and  3)  to  explore  the  cost  of  a 
toll-free  hotline  for  educators  to  use  to  get  infonnation 
about  videodisc  technology. 

Brochures.  Three  brochures  of  the  "What  Eve. . 
Educator  Needs  to  Know"  series  were  updated  and 
revised  to  include  infonnation  appropriate  for  the  capa- 
bilities of  the  model  of  videodisc  player  being  provided 
for  Florida  schools.  These  brochures  are  "Laser  Video- 
discs," "Interactive  Video  1,"  and  "Interactive  Video  2." 
Brochures  are  issued  in  three  fonnats:  finished  copies 
(printed  on  colored  paper  and  folded  in  thirds);  camera 
ready  (reproduced  in  black  on  white  so  that  lliCy  can  be 
easily  reproduced);  and  disk  files  (PageMaker  4.0  for  the 
Macintosh). 

Newsletter.  A  special  double  issue  of  the  Center's 
quarterly  newsletter,  Uie  Printout,  was  developed  and 
distributed.  The  issue  focused  on  videodisc  technology, 
and  many  articles  were  specific  to  the  Pioneer  2200 
videodisc  player.  This  newsletter  issue  includes  teiminol- 
ogy  and  definitions,  advantages  and  disadvantages  of  the 
technology,  information  about  levels  of  interactivity, 
formats,  videodisc  care,  equipment  set  up,  use  of  the 
barcode  reader  and  remote  control,  repurposing,  and 
curriculum  integration.  Also  included  are  a  listing  of 
producers  and  distributors  of  videodisc  products  and  a 
bibliography.  The  issue  was  mailed  to  schools  at  approxi- 
mately the  same  time  that  the  videodisc  players  were 
distributed.  Like  the  brochures,  the  newsletter  is  also 
available  in  three  formats. 

Videodisc  Hotline.  The  possibility  of  providing  a  toll 
free  number  to  support  educators  who  have  questions 
about  videodisc  technology  was  explored.  The  rates  for  an 
in-state  800  number  were  actually  lower  than  the  state's 
teleccMnmunication  system  and  significantly  lower  than 
regular  intrastate  rates.  Many  educators  reported  that 
while  access  to  a  phone  was  difficult,  long  distance  calls 
were  ahnost  impossible  from  the  school.  An  800  number 
was  installed  on  a  trial  basis  and  advertised  as  a  "video- 
disc hotline."  Although  not  all  questions  are  videodisc 
related,  the  hotline  has  been  extremely  popular  and  cost 
effective,  and  teachers  and  administrators  have  rated  it  as 
one  of  our  most  valuable  services. 

Phase  II 

The  second  phase  of  the  project  included  the  design 


and  delivery  of  workshops  and  the  establishment  of  a 
videodisc  preview  center.  Site-based,  hands-on  training 
on  how  to  use  and  integrate  videodisc  technology  was 
designed  and  developed.  A  variety  of  workshop  fonnats 
were  implemented  in  an  attempt  to  meet  the  needs  of  a 
variety  of  groups  (organizations?)  who  contracted  with 
the  Center  for  training.  After  a  number  of  workshops,  a 
'*train-the-lrainer"  format  was  determined  to  be  the  most 
beneficial  to  most  school  districts.  Materials  used  in  the 
training  by  the  Center  staff  were  distributed  to  the 
participants  for  use  in  their  own  training.  The  videodisc 
issue  of  The  Printout  became  the  basic  "text"  for  the 
woricshop.  The  Videodisc  Trainer's  Tool,  a  hypennedia 
stack  for  use  in  presenting  workshops,  was  developed  in 
both  Linkway  and  HyperCard.  Activities  for  learning 
about  videodisc  technology  were  developed,  imple- 
mented, and  refined. 

In  cooperation  with  a:\umber  of  videodisc  companies, 
a  videodisc  preview  center  was  established  at  the  Univer- 
sity of  CentrJ  Florida  Videodiscs,  both  level  1  and  level 
3,  may  be  previewed  at  the  center  or  checked  out  for 
evaluation  in  schools.  Educators  may  visit  the  Center  to 
select  videodiscs,  or  they  may  request  videodiscs  by 
phone  or  FIRN  (Florida  Infonnation  Resources  Network), 
the  state's  telecommunication  network;  videodiscs  are 
mailed  to  the  schools. 

A  computer-assisted  instruction  (CAI)  program  was 
also  developed;  the  fu^st  version  was  in  HyperCard  for  the 
Macintosh  computer.  The  design  has  been  used  to  create  a 
Linkway  version  for  the  MS-DOS  platfonn,  and  a 
HyperStudio  version  for  the  Apple  //gs.  The  program 
includes  optional  pre-  and  post-tests,  the  option  to  use  the 
program  at  level  1  or  level  3  (the  program  was  correlated 
to  an  inexpensive  videodisc  about  videodisc  technology 
produced  by  a  Florida  educational  consortium),  and  four 
main  menu  items:  an  overview  of  videodisc  technology; 
more  in-depth  infonnation  about  videodisc  technology 
and  its  use  in  the  classroom;  a  videodisc  "sampler";  and 
the  program  exit.  (See  figure  1.) 

The  CAI  program  can  be  used  by  educators  to  work  at 
their  own  pace  to  learn  about  videodisc  technology.  It  can 
also  be  used  to  review  material  presented  in  a  workshop 
or  to  expand  upon  concepts  introduced  by  a  tramer.  In 
some  cases,  trainers  with  little  or  no  experience  with 
videodisc  technology  have  reported  using  the  program  to 
prepare  for  a  workshop. 

Phase  III 

In  the  current  phase  of  the  project,  the  Center  is 
packaging  materials  for  use  by  trainers  in  a  variety  of 
settings.  These  staff  development  materials  include  the 
materials  developed  in  the  fu^t  two  phases,  many  of 
which  have  been  revised  an  updated,  and  more.  For 
example,  the  videodisc  issue  of  The  Printout  was  revised 
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to  include  new  titles,  more  producers,  and  information 
about  the  Pioneer  2200  and  the  Pioneer  2400,  which  is 
currently  on  state  contract  for  purchase. 

New  materials  include  transparency  masters  of  the 
Videodisc  Trainer's  Tool,  camera-ready  directions  for 
woricshop  activities,  ideas  for  using  barcodes  with 
videodiscs,  lesson  plans  and  workshop  outlines.  The 
resource  also  includes  descriptions  for  all  "Training 
Wheels**  components  and  disk  files  whcih  contain  an 
enhanced  public  domain  barcode  generation  program,  and 
a  hypermedia  template  for  use  in  demonstrating  and 
creating  level  3  programs.  Over  1500  copies  of  the 
"Training  Wheels"  package  have  been  distributed.  All  the 
materials  are  free  and  may  be  reproduced  without  charge 
for  use  in  training  provided  credit  is  given  to  the  Instruc- 
tional Technology  Resource  Center.  University  of  Central 
Florida,  and  the  Florida  Department  of  Education. 

Currently,  a  study  is  being  conducted  to  compare  the 
unmediate  cognitive  recall,  retention,  attitude,  and 
practical  application  by  learners  experiencing  different 
forms  of  training  related  to  videodisc  technology;  an 
additional  variable  of  learning  style,  cognitive  style,  or 
attitude  toward  technology  is  also  being  explored. 
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Image  processing  for 
teaching  project: 
innovative  inservice 
education 
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Bockground 

The  challenge  of  integrating  microcomputers 
effectively  into  science  and  mathematics  class 
rooms  remains  a  daunting  one.  Researchers  note 
their  static  and  stilted  use.  Gallagher  (1987)  remarks  that 
cognitive  applications  of  connputers  are  notconunon  in 
most  schools.  Brown  etal.  (1989)  point  out  that  scie  nce 
teachers  typically  do  not  use  computational  resources  in 
the  same  way  as  research  scientists,  that  is,  as  tools  for 
inquiry  and  dioco'^eiy.  Since  the  inquiry  process  is  at  the 
core  of  what  is  interesting  and  exciting  about  science, 
using  computers  for  these  tasks  is  both  intuitive  and 
potentially  very  productive  in  inquiry-based  learning. 

The  "Image  Processing  for  Teaching"  (IPT)  project, 
sponsored  by  NSF»  Apple  Computer,  and  the  University 
of  Arizona,  addresses  this  problem.  IPT  provides  a 
powerful  medium  to  excite  students  and  teachers  about 
science  and  mathematics  through  the  use  of  digital  image 
processing  on  microcomputers.  We  have  found  this 
approach  to  be  especially  effective  for  children  from 
minority  groups  and  others  whose  needs  have  not  been 
met  by  traditional  "coded"  ways  of  teaching  these 
subjects. 

Image  processing  was  developed  lo  facilitate  tlie 
process  of  exploration  and  discovery  in  the  research 
community.  It  is,  therefore,  an  intrinsically 
"constructivist"  medium  when  used  by  schoolchildren 
(Yager  1991).  Its  productive  use  in  the  classroom  requires 
abandonment  of  traditional  "behaviorist"  ways  of  using 
technology  for  teaching  (e.g..  Skinner  1968).  The  IPT 
project  offers  access  to  imaging  data  from  various 
disciplines  too  extensive  to  have  been  fully  explored  by 
the  scientific  community,  and  it  offers  a  student  the  power 
to  see  that  data  in  novel  and  unique  ways.  The  door  is 
open  to  original  ocientific  discovery. 

Many  students  and  teachers,  perhaps  most,  are  visual 
learners  (Stensrud  and  Stensrud,  1983).  For  such  people, 
manipulation  of  images  provides  an  atti-active  entree  into 
science  and  mathematics.  This  is  especially  important  for 
students  from  diverse  linguistic  or  cultural  backgrounds. 
Certainly,  in  the  foraial  sense,  images  convey  information 
to  the  brain  orders-of-magnitude  faster  than  words  or 
other  codes.  For  all  students,  learning  through  image 
manipulation  can  complement  and  enhance  language- 
based  instruction. 

Image  Processing 

Image  processing  allows  pictures  of  photographic 
quality  to  be  digitally  manipulated  through  a  computer. 
Processing  can  include  contrast  enhancement,  false 
coloring,  animation,  filtering,  etc.  The  technology  has 
been  driven  to  a  great  extent  by  spacecraft  exploration  of 
the  solar  system  and  by  biomedicine,  and  has  advanced  to 
the  point  where  sophisticated  systems  are  available  for 
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microcomputers. 

A  few  points  about  image  processing  technology 
should  be  noted  to  appreciate  its  potential  importance  for 
education.  Most  educational  use  of  image  media,  even 
computer-accessed  images  in  high-tech  media,  employs 
pictures  in  an  analog  way,  In  other  words,  the  images  are 
typically  obtained  and  stored  in  non-numerical  form,  or 
they  are  digital  images  with  no  way  to  access  the  actual 
data  bits.  In  contrast,  the  evSsence  of  image  processing  is 
that  we  manipulate  digital  images:  an  image  is  in  fact  a 
spatially  displayed  set  of  numerical  data.  This  format 
allows  scientists,  and  now  school  children,  to  manipulate 
the  original  bits  of  scientific  data  into  new  and  unique 
forms. 

We  emphasize  that  these  images  arc  not  just  pretty 
pictures.  They  are  the  original  data  sets  from  recent 
research  in  a  wide  variety  of  disciplines.  Teachers  in  our 
program  and  their  students  manipulate  the  original  data 
sets  as  they  do  their  image  processing.  This  capability, 
combined  with  the  sheer  magnitude  of  the  available  data 
set,  allows  the  prospect  for  significant  original  scientific 
discovery  in  image  processing. 

The  implications  for  use  by  students  are  profound. 
Most  of  the  images  we  have  distributed  are  quite  beauti- 
ful. Manipulating  them  is  fun,  and  gives  children  a  great 
sense  of  empowerment.  Moreover,  since  we  use 
Macintosh  computers,  the  mouse-driven  processing 
(contrary  to  the  parameter-driven  processing  done  by 
most  scientists)  means  that  as  students  move  from  one 
processed  version  of  an  image  to  another,  they  move 
through  an  infinite  range  of  versions  that  have  never  been 
seen  before.  Again,  the  prospect  for  original  discovery  is 
very  real,  which  can  be  a  beady  idea  for  children. 

Because  image  manipulation  on  our  systems  can  be 
started  without  much  understanding  of  the  underlying 
mathematics,  the  student  can  have  an  authentic  scientific 
inquiry  or  discovery  experience  witliout  reliance  on 
traditional  (language  or  math)  coded  methods  of  teaching. 
This  process  allows  us  to  effectively  reach  visual  learners 
and  non-traditional  populations.  Nevertheless,  image 
processing  at  its  base  is  a  mathematical  operation.  The 
children  may  not  be  thinking  about  mathematics  in  the 
beginning,  but  as  they  manipulate  images,  they  start 
thinking  in  mathematical  terms,  and  understanding 
concepts  such  as  arrays,  set  theory,  slope,  and  intercept. 

Preliminary  indicadons  show  image  processing  to  be 
an  effective  and  fun  way  to  study  the  application  of 
science  and  mathematics  to  "real  world**  applications,  as 
represented  by  digital  imagery.  Also,  as  the  teachers  and 
their  students  begin  to  use  image  processing,  they  are 
drawn  into  inquiry  and  discovery-based  learning,  to  the 
point  of  capturing  or  creating  their  own  images  to 
analyze,  allowing  teachers  to  use  the  students*  interests  to 
import  science  into  the  classroom.  Allowing  students  to 


create  their  own  images  opens  up  a  tremendous  opportu- 
nity to  motivate  th^m  to  be  interested  and  excited  about 
science. 

R^sutts 

Exciting  things  are  happening  with  IPT  in  the  class- 
room. Image  manipulation  is  attractive  and  fun,  but  it 
inevitably  leads  to  exploration  of  the  scientific  content, 
and  appreciation  of  the  mathematics  that  is  built  into  the 
proccvss  on  many  levels.  IPT  nurtures  the  investigative 
processes  of  science  in  children.  We  fmd  great  success 
and  interest  by  children  who  might  not  have  been  ex- 
pected to  do  well  in  conventionally  taught  science  classes. 

While  our  funding  docs  not  yet  include  a  large-scale 
research  project  to  study  the  effects  of  IPT,  the  follow-up 
and  evaluation  process  built  into  our  development-and- 
test  phase  has  demonstrated  a  number  of  results,  some  of 
which  were  unexpected. 

1)  Under-represented  groups:  The  project  is  proving  to 
be  an  exceptional  way  to  reach  previously  under- 
represented  groups  of  students.  We  are  having  success 
with  minority  groups,  females,  students  with  limited 
English  proficiency,  so-called  "learning  disabled" 
children,  etc.  With  image  processing,  traditional 
obstacles  to  doing  mathematics  and  science  are  largely 
eliminated.  At  the  same  tune,  for  gifted  and  talented 
students  from  all  groups,  IPT  offers  challenging  and 
unlimited  possibilities  for  advancement  and  enrich- 
ment, using  a  professional  scientific  research  tool. 

2)  Mathematics:  While  our  original  expectation  was  tiiat 
IPT  would  have  an  impact  on  teaching  science,  we 
have  been  impressed  at  the  effect  it  has  on  motivating 
and  enriching  study  in  matiiematics.  Our  participating 
teachers  realized  this  inunediately .  Independent  of  the 
content  of  an  image  (many  of  our  teachers  introduce 
image  processing  with  images  of  cars,  rockets,  or  tiie 
children  themselves),  manipulation  is  rich  in  math- 
ematics. Just  by  playing,  students  become  familiar 
with  coordinate  systems,  numerical  arrays,  scale, 
histograms,  look-up  tables,  etc.  Some  teachers  use  the 
gray  scale  map  in  NIH  Image  to  teach  concepts  of 
slope  (contrast)  and  intercept  (brighmess).  More 
advanced  smdents  delve  into  the  technical  details  of 
the  software  and  quantitative  analysis  to  a  level  much 
deeper  than  anticipated. 

3)  Students  outlook  on  life:  A  repeating  pattern  at  a  wide 
variety  of  our  participating  schools  involves  numerous 
"at-risk**  students  whose  negative  views  of  themselves 
and  of  the  world  have  been  substantially  mmed  around 
by  our  expert  teachers  using  image  processing  to 
provide  the  students  witii  a  reason  to  cane  to  class. 
Students  viewed  as  being  on  paths  leading  to  flunking 
out  of  school  are  now  highly  motivated  to  do  exua 
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work  in  image  processing,  to  take  leadership  roles  in 
training  other  students,  and  to  become  serious  stu- 
dents. 

4)  Effects  on  teachers:  This  project  was  begun  to  explore 
the  potential  role  of  this  new  technology  in  education. 
The  teacher  education  segment  was  regarded  as  a 
means  to  that  end.  However,  from  our  various  feed- 
back and  evaluation  efforts,  we  have  found  that 
teachers'  perceptions  of  subject  matter,  pedagogy,  and 
their  own  professional  role  have  been  profoundly 
affected  in  some  fairly  consistent  and  important  ways: 

a)  We  have  been  interested  to  obscive  the  extent  to 
which  participating  teachers  have  become  accul- 
turated  to  tl)c  social  and  intellectual  processes  of 
scientific  inquiry.  Teachers*  repeated  comments 
show  their  inaeased  capabilities  for  incoqx)rating 
such  reform  into  their  teaching. 

b)  They  seem  to  become  activists  for  change  in  a 
variety  of  ways  in  their  schools. 

c)  Professional  motivation  is  revitalized  botli  among 
the  veteran  and  the  more  junior  teacher-partici- 
pants. 

d)  The  IPT  project  has  stimulated  our  teachcr- 

s    participants  to  develop  continuing  cooperative 
projects  among  themselves  and  with  members  of 
the  scientific  research  community. 

5)  Middle-school  success:  In  its  experimental  spirit,  our 
project  has  included  teachers  from  the  upper  elemen- 
tary grade  levels  through  high  school.  Given  the 
objective  of  introducing  high  technology,  we  antici- 
pated that  IPT  would  be  most  effective  at  the  upper 
grade  levels  of  high  school.  In  fact,  IPT  is  proving  to 
have  the  greatest  impact  at  the  middle-school  levels 
for  two  reasons:  First,  science  curriculum  is  not  rigidly 
defined  for  those  grades,  so  teachers  have  flexibility  to 
incorporate  innovations.  Second,  the  students  are 
much  more  open  to  the  spirit  of  exploration  and 
discovery.  In  contrast,  high  school  Physics  and 
Chemistry  are  bound  to  a  traditional  curriculum,  with 
students  who  are  akeady  locked  into  the  grade-and 
test-oriented  system.  Our  teachers  have  successfully 
introduced  IPT  at  all  grade  levels  from  4th  grade  up 
and  all  science  areas,  but  their  greatest  success  at 
integration  has  been  in  the  middle  school  grade  range. 

6)  Contributions  to  research:  Equipped  with  this  state-of- 
the-art  technology,  our  teachers  and  their  students 
have  had  an  impact  on  the  research  community.  The 
IPT  project  has,  for  example,  intnxluced  image 
processing  to  tree-ring  research,  influenced  the 
continuing  development  of  software  at  NIH,  provided 
a  standard  system  adopted  by  NASA  Planetary 
Geology  and  Geophysics,  and  developed  new  tech- 
niques for  3-D  imaging.  The  significant  two-way 
cwnmunication  between  teachers  and  researchers  has 


enriched  both  groups.  This  interchange  2s  a  strong  and 
unique  feature  of  the  IPT  project.  For  example,  a 
group  of  high  school  students  working  on  a  project  on 
Mars  with  some  university  researchers  recently 
presented  their  results  at  an  intematk>nal  conference 
on  lunar  and  planetary  research. 

7)  Most  effective  teachers:  As  part  of  our  experimental 
approach,  our  team  of  teacher  participant's  includes  a 
variety  of  different  subject  area  specialties,  grade 
levels,  and  background  strengths  and  weaknesses. 
Initially,  we  expected  that  the  most  effective  partici- 
pants would  be  those  with  the  strongest  scientific  and 
technical  backgrounds.  In  fact,  in  the  schools,  we 
found  that  oilier  characteristics  were  at  least  as 
important  for  effective  integration  of  IPT  into  school- 
work  and  curriculum.  In  this  legard,  our  most  success- 
ful teachers  were  those  most  pedagogically  enlight- 
ened aiKl  flexible,  with  energy,  enthusiasm  and 
administrative  acumen. 

8)  Availability  ofltardware:  When  we  began  this  project, 
the  standard  system  for  each  of  our  teachers  cost  about 
$6K.  While  this  price  was  acceptable  for  our  develop- 
ment and  test  project,  it  was  not  consistent  with 
widespread  dissemination.  In  less  than  two  years,  the 
price  of  this  capability  has  dropped  to  under  $2K  with 
introduction  of  the  Mac  LC.  Many  school  districts  are 
now  buying  large  quantities  of  these  machines.  For 
example,  the  large  Tucson  Unified  School  District  has 
decided  to  use  its  Technology  Bond  for  a  massive 
purchase,  of  this  hardware,  largely  motivated  by  their 
familiarity  with  IPT.  By  the  end  of  this  academic  year 
(1992-93),  all  of  the  high  school  science  teachers  in 
the  Tucson  Unified  district  will  have  been  educated  in 
image  processing.  We  know  of  other  districts  that  have 
purchased  these  machines,  but  arc  not  using  them 
effectively  or  at  all!  In  all  these  cases  the  need  is  for 
teacher  training  and  education. 

Dissemirclion 

After  a  successful  development  and  test  phase,  we  arc 
now  widCi^y  disseminating  the  results  of  our  project 
through  on  -site  in-service  wwkshops.  We  have  worked 
with  a  variety  of  districts  on  different  implementations, 
ranging  from  a  small  group  of  teachers  designing  new 
curriculum  to  a  large,  urban  district's  entire  high  school 
science  staff.  The  participating  teachers  are  enthusiastic 
about  the  in-service  education,  in  particular  they  very 
much  benefit  from  the  multiple  day-long  sessions.  In  fact, 
many  have  remarked  that  this  experience  of  having 
multiple  days  to  practice  and  think  abont  IPT  is  unique  in 
their  careers. 

We  have  developed  a  number  of  avenues  for  follow- 
up  help  and  feedback  to  the  leaniers.  While  we  are  unable 
to  be  in  every  classroom,  we  have  developed  a  number  of 
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ways  to  gather  feedback  and  connect  different  people 
involved  in  this  project  In  order  to  better  enable  teacbers 
in  various  locations  to  share  ideas  and  data  with  others, 
we  have  created  an  electronic  netwoik  linking  the 
teachers  who  have  participated  in  the  various  stages  of  the 
Image  Processing  for  Teaching  Project.  This  network, 
along  with  a  technical  suRWrt  telejAone  line,  erables  all 
of  the  science  and  naath  teachers  involved  m  this  project 
to  more  effectively  use  coaiputers  in  their  classes. 
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The  integration  of  technology  and  teacher  education 
is  a  blend  of  thinking,  learniiig,  and  instruction 
using  tools  of  technology  to  form  an  entire 
educational  system.  This  kind  of  blend  necessitates  that 
teachers  have  easy  accessibility  and  understanding  of  the 
potential  of  technology  (Sheingold,  1991),  as  well  as 
education  in  the  use  of  tr  'inology  by  a  piiocess  of 
modeling  and  active  invoi  >  ement  which  requires  teachers 
to  be  active  participants  in  their  learning  (Copley,  1992). 
New  teachers  entering  the  field  of  education  should  be 
shown  how  to  realize  the  potential  of  technology  and  how 
technology  can  help  to  restructure  the  learning  environ- 
ment (Solomon,  1992).  Models  of  effective  teaching  with 
technology  must  be  demonstrated,  and  then  the  trainees 
should  be  given  real  classroom  opportunities  for  replicat- 
ing the  experience  and  for  experimenting  with  new  ideas 
that  involve  technology. 

Callister  and  Dunne  (1992)  remind  technology 
enthusiasts  of  a  basic  fact.  Machines  are  tools  and 
valuable  only  when  an  intelligent  being  use^  them  in  a 
productive  manner.  They  fail  to  point  out,  however,  that 
effective  teaching  with  technology  is  much  more  involved 
and  difficult  than  responsible  use  of  the  technology. 
Those  outside  the  education  community,  who  use 
computers  and  calculators  everyday  and  ridicule  teachers 
for  not  changing  the  way  they  teach,  do  teachers  a 
disservice.  They  fail  to  recognize  the  many  facets 
involved  in  teaching  with  technology. 

The  integration  of  technology  into  the  curriculum 
empowers  the  teacher  to  create  a  rich  learning  environ- 
ment but  demands  many  changes.  The  role  of  the  teacher 
changes  from  that  of  "teller"  to  "guide",  the  questioning 
techniques  change  so  as  to  encourage  student  coDMnunica- 
tion  and  to  shift  the  focus  from  "product"  to  **process". 
progress  monitoring  am*  cooperative  groups  of  students 
become  necessary,  and  active  student  participation  in  their 
own  learning  becomes  possible.  Such  changes,  however, 
require  not  only  that  the  teacher  be  knowledgeable  of  the 
technology  that  the  students  are  using,  but  also  expert  in 
subject  area  matter,  learning  strategies,  classroom 
management,  and  human  motivation.  In  truth,  most 
teachers  (both  inservice  and  preservice)  require  training  to 
make  these  changes  attainable. 

The  papers  in  this  section  describe  the  plans  and 
experiences  of  several  university  faculty  members  who 
have  begun  to  integrate  technology  mto  their  methods 
classes  for  preservice  and  inservice  teachers.  They  share 
an  understanding  of  the  importance  of  integration,  along 
with  the  belief  that  modeling  and  involvement  are 
essential  to  the  process.  While  the  specific  concentration 
on  subject  matter  varies  (e.g.,  language  arts,  reading 
diagnosis,  special  education),  each  paper  details  how  their 
programs  have  been  designed  to  meet  the  needs  of  their 
preservice  or  inservice  teachers. 
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Dave  Edybum  at  the  University  of  Wisconsin- 
Milwaukee  offers  an  integration  process  model  for 
classroom-level  change.  'Hie  pUot  project  was  designed  to 
capture  the  potential  of  technology  in  specific  applica- 
tions that  contribute  to  teaching  and  learning  in  special 
education  personnel  preparation  programs.  The  project 
has  sought  to  develop  extensive  course-by-course  , 
resource  guides  of  instructional  objectives  linked  to 
specific  technology  tools  and  resources.  The  integration 
process  model  appears  to  have  qjplications  in  higher 
education  as  well  as  at  the  K-12  levels. 

French,  Landrelti,  and  Tutolo  at  Bowling  Green  State 
University  compare  perceptions  of  students  in  a  technol- 
ogy-infused section  of  an  integrated  leadingAanguage  arts 
methods  course  with  those  in  a  control  group  secion  in 
which  computer  technology  is  not  infused.  They  describe 
specific  activities  that  were  designed  for  the  technology- 
infused  methods  course  (e.g.,  electronic  journal  activities, 
writing  assignments  which  involved  technology,  and 
required  attendance  at  a  regional  technology  conference). 
The  results  of  pre  and  post  questionnaires  which  were 
distributed  to  students  from  both  secdons  of  the  integrated 
readingAanguage  arts  methods  course,  summarize  the 
gains  of  each  group  and  identify  the  activities  that  the 
students  perceived  as  most  effective. 

A  new  approach  to  teaching  reading  diagnosis  at 
Georgia  Southern  University  is  presented  by  McKenna 
and  Clark.  They  describe  the  merging  of  concept-based 
learning  with  case-based  learning  through  the  use  of 
hypertext  portfolios.  Portions  of  a  diagnostic  text  have 
been  linked  by  means  of  HypeiCard  to  an  extensive  set  of 
data  for  a  single  child.  Graduate  students  in  reading 
diagnosis  courses  have  been  immersed  in  the  system  and 
allowed  to  examine  textbook  passages  and  student  data  in 
any  manner.  The  goal  is  to  determine  whether  the 
students*  understanding  of  diagnostic  principles  and 
thinking  improves  as  a  result  of  the  experience. 

Bauer  and  Westhoff  at  the  University  of  Northern 
Colorado  describe  a  model  for  integrating  technology 
across  the  curriculum.  The  model  was  designed  to  allow 
students  to  engage  in  meaningful  hands-on  experiences 
with  various  technologies.  Details  about  the  resulting 
project.  The  Earthquake  Club,  are  shared  and  interview 
data  collected  from  undergraduate  and  graduate  students 
involved  in  the  project  is  summarized. 

Looking  Ahead 

The  process  of  the  integration  of  technology  into 
methods  classes  is  time-consuming,  difficult  to  defme. 
and  even  more  difficult  to  assess.  While  the  pj^rs  in  this 
section  represent  a  sample  beginning  to  that  process,  other 
approaches  certainly  n^  consideration.  Perhaps,  a  model 
of  integration  that  could  be  implemented  in  any  methods 
course  needs  to  be  designed,  developed,  and  investigated. 


At  the  very  least,  the  results  of  the  studies  presented  here 
need  to  be  experimentally  studied  and  the  results  reported; 
the  possible  findings  could  significantly  contribute  to  a 
comprehensive  model  of  integration. 
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Models  of  technology 
integration  for  special 
education  personnel 
preparation  programs 
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Consensus  about  the  importance  of  integration  into 
curriculum  is  apparent  (Hanley,  Appell,  &  Harris, 
1988;  Morocco  &  Zorfass,  1988;  Panyan, 
Hummel,  &  Jackson,  1988;  Royeen,  1988;  Office  of 
Technology  Assessment,  1988).  A  considerable  gap, 
however,  exists  between  potential  and  practice.  Concerns 
of  this  nature  have  been  voiced  by  MacArthur  and  Malouf 
(1991)  and  VockeU  (1990)  who  have  noted  that  little 
attention  has  been  given  to  the  theoretical  principles  or 
specific  instructional  strategies  which  effectively  utilize 
technology  to  enhance  student  learning.  The  practices 
listed  below  could  be  considered  as  possible  examples  of 
effective  integration  of  technology  into  a  course. 

•  a  discussion  of  the  technology  applications  described 
in  the  course  textbook 

•  the  inclusion  oi  an  outside  speaker  for  one  session 
during  a  course  to  discuss  aiKi  demonstrate  relevant 
technology  tools 

•  an  assignment  that  involves  the  independent  use  of 
technology  outside  of  class 

•  the  use  of  technology  to  aid  an  instructor  in  the 
presentation  of  course  content 

•  the  use  of  a  specific  software  progi^am  or  technology 
tool  to  contribute  an  experience  that  is  essential  to 
mastering  a  given  course  objective 

These  diverse  examples  illustrate  a  lack  of  consensus 
about  what  technology  integration  is  and  what  it  means  to 
use  technology  well.  Furthermore,  integrating  the 
computer  into  the  curriculum  is  difficult  work  with  few 
resources  and  models  to  facilitate  the  task.  Despite  the 
perceived  importance  of  integrating  technology  into  the 
curriculum,  there  seems  to  be  few  »3sources,  strategies, 
and  tools  to  assist  special  educators  in  capturing  this 
vision  of  the  effective  use  of  technology. 

One  Model  of  the  Integrotion  Process 

The  Integration  Process  outlined  in  Figure  1  was 
developed  as  a  result  of  the  following  perceptions. 

•  Integration  involves  more  than  simply  evaluating 
software  (Smith  &  Vokuika,  1990). 

•  Considerable  time,  energy,  and  resources  are  neces- 
sary to  successfully  integrate  technology  into  the 
curriculum. 

•  Not  all  the  tasks  involved  in  integration  are  necessarily 
the  primary  responsibility  of  the  teacher. 

•  A  number  of  stakeholders  are  involved  in  the  success- 
ful integration  of  technology  in  special  education 
programs. 

•  Many  integration  models  are  based  on  system  change 
and  provide  little  guidance  for  motivated  individuals 
to  pursue  the  integration  process  at  a  classroom  level. 
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Figure  1.  The  Integration  Process. 


The  development  of  a  model  that  describes  the  various 
tasks  involved  in  integrating  software  into  the  special 
education  curriculum  (a)  provides  a  planning  guide  for 
interested  individuals,  (b)  serves  as  a  tool  for  discussing 
the  process  among  the  major  stakeholders,  and  (c)  assists 
in  the  identification  of  methods  and  resources  for  facilitat- 
ing the  process. 

Application  of  1h0  Integrcrtion  Process 

In  addition  to  the  K-12  aK>licati(Mis,  the  integration 
process  appears  to  have  applications  in  higher  education 
as  well.  This  pilot  project  was  designed  to  explore  how  to 
capture  the  potential  of  technology  in  specific  applica- 
tions that  contribute  to  teaching  and  learning  in  special 
education  personnel  preparation  programs.  The  project 
seeks  to  develop  an  extensive  course-by-course  resource 
guide  of  instructional  objectives  linked  to  specific 
technology  tools  and  resources. 

The  development  of  a  comprehensive  resource  guide 
seems  valuable  for  several  reasons.  First,  the  resource 
guide  would  provide  an  econcnnical  delivery  system  for 
information  that  presently  requires  a  personal  consultation 
by  a  technology  specialists.  Second,  the  resource  guide 
would  reflect  a  variety  of  strategies  for  integrating 
technology  into  individual  courses  with  due  consideration 
for  budget  constraints.  Third,  the  compilation  of  the 
resource  guide  would  provide  an  information  system  that 
would  allow  teacher  educators  and  technology  specialists 
to  enlarge  the  knowledge  base  of  technology  tools  and 
strategies  for  enhancing  teaching  and  learning.  Fuially, 
the  resource  guide  would  assist  a  special  education 
department  in  examining  the  systematic  use  of  technology 
through  out  its  preparation  program. 

The  goal  of  integrating  technology  into  the  curriculum 
is  to  link  software,  computer  activities,  and  other  tech- 
nologies with  specific  objectives  in  ways  that  facilitate 


teaching  and  learning.  This  view  is  commonly  referred  to 
as  curriculum  correspondence .  Utilization  of  the  principle 
of  curriculum  correspondence  results  in  computer  use  that 
is  focused,  purposeful,  manageable,  and  enhances 
students*  abilities  to  master  specific  instructional  objec- 
tives. Faculty  members  may  wish  to  consider  two 
methods  of  using  the  principle  of  curriculum  correspon- 
dence to  integrate  technology  into  their  courses. 

One  method  uses  software  that  has  been  designed  to 
teach  instructional  concepts  at  the  college  level.  These 
types  of  programs  facilitate  learning  course  content  and 
may  be  referred  to  as  ccmputer  assisted  instruction.  This 
approach  to  using  computers  in  the  college  curriculum 
provides  a  model  for  teachers  to  use  computer  assisted 
instruction  in  elementary  and  secondary  classrooms.  The 
chief  drawback  to  this  approach  is  the  limited  amount  of 
software  which  has  been  designed  to  provide  college  level 
instruction  in  special  education. 

A  second  method  of  using  software  in  keeping  with 
the  principle  of  curriculum  correspondence  provides 
students  with  the  oRportunity  to  identify  and  use  instruc- 
tional software  that  is  appropriate  (e.g.,  exceptionality, 
content  area,  ability  level)  for  the  students  with  which 
they  will  be  working.  Essentially,  tliis  approach  u^ats 
microcomputer  software  as  another  instructional  material 
with  which  teachers  rieed  to  be  familiar.  Course  activities 
and  assignments  which  allow  teachers  to  gain  experience 
with  a  variety  of  software  programs  will  facilitate  the 
subsequent  use  of  software  with  students. 

Initial  efforts 

TTie  first  task  in  the  integration  prcKess  is  ^'planning.** 
As  part  of  this  task  a  faculty  member  is  asked  about  the 
courses  he/she  teaches  and  the  content  in  each.  The  course 
syllabus  is  used  as  a  starting  point  in  an  effort  to  identify 
the  complete  array  of  objectives  for  a  given  course  as  well 
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Technology  Integration 
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Faculty  Member  Name:  Dr.  XXXXXXXX 

Course  Number:  SPED  3400  Course  Titie:  Advanced  Trends  and  Issues  in  Behavior  Disorders 


Course  ()bjoLii\o 

Fossihle  Toclinolo|j;\  Tool 

C^HUiueiits 

Design  behavioral  interventions  based 
on  case  study  data 

DisciplmcDiagBOiUcUK,  ($54,  Apple  and  IBM 
versions).  Exceptional  Innovations,  P.Box  6085, 
Ann  Arbor,  MI  48106;  419/536-8560 

Expert  system  that  is  designed  to 
suggest  interventions  for  various 
situations  leguiring  discipline. 

Design  behavioral  interventions  based 
on  specific  academic  and  social 
behaviots 

Teaching  Episodes:  Resources  for  the 
Analysis  of  Instruction,($250, Videodisc). 
MECC,  6160  Summit  Drive  North,  Minneapo- 
Us,  MN  55430;  800/688-MECC 

This  level  II  videodisc  presents  a  variety 
of  teaching  situations  that  can  be  used  in 
teacher  ediucation. 

Provide  optimal  and  age  appropriate 
learning  environments 


Choices,  Choices  and  Smart  Choices,  ($119.95 
and  $89.95,  Apple  and  IBM  versions).  Tom 
Snyder  Productions,  90  Shemian  Street, 
Cambridge,  Ma  02140;  800/342-0236 


Designed  for  grades  K-5  and  4-12  to 
have  students  make  choices  and 
examine  the  consequences. 


Provide  optimal  and  age  appropriate 
learning  environments 


The  Other  Side,  ($69.95,  Apple  and  IBM 
versions).  Tom  Snyder  Productions,  90 
Shennan  Street,  Cambridge,  Ma  02140;  800/ 
342-0236 


A  simulation  that  requires  cooperation 
and  conflict  resolution  skills  in  a  worid 
with  conflicting  values  and  interests. 


Assess  student  academic  progress 
toward  instructional  goals 


Shcri,  ($139,  Apple).  Performance  Monitoring 
Systems,  P.O.  Box  148,  Cambridge,  MN 
55008;  612/689-2688 


A  data  base  management  program  that 
stores  and  graphs  student  performance 
data. 


Assess  student  academic  progress 
toward  instructional  goals 


Monitoring  Basic  Skills  Progress:  Basic 
Math,  Basic  Spelling,  and  Basac  Reading 

($249,  Apple).  Pro-Ed,  8700  Shoal  Creek 
Blvd.,  Austin,  TX  78758;  512/451-3246 


Three  separate  programs  that  administer 
parallel  tests  to  enhance  teachers' 
instructional  decisions. 


Communicate  with  other  professionals 
and  participate  in  on- 
going professional  development 


BD.ED  Board  on  SpecialNet  (montiy 
subscription  fee,  access  with  any  computer). 
GTE  Educational  Serivces.  P.O.  Box  619810, 
D/FW  Airport,  TX  75261;  800/927-3000 


An  electronic  bulletin  board  connecting 
interested  teachers,  administiators, 
teacher  educators,  and  parents  from 
across  the  country. 
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as  any  target  objectives  that  are  especially  important, 
difficult  to  learn,  or  difficult  to  teach.  The  goal  is  to 
identify  topics  or  objectives  in  the  special  education 
teacher  education  program  which  have  the  potential  to  be 
enhanced  through  the  use  of  technology  at  either  the 
college  or  K-12  level.  This  information  is  subsequenUy 
utilized  in  the  search  process  by  providing  a  structure  for 
the  project  staff  to  condua  searches  of  the  literature, 
public  dcnnain  materials,  and  commercial  materials  for 
pertinent  technology  competencies,  topics,  and  products 
which  might  be  incorporated  into  a  given  course. 

The  purpose  of  the  second  task  in  the  integration 
process,  "locating''  is  to  prepare  a  comprehensive  list  of 
potential  technology  tools  which  can  then  be  scrutinized 
in  subsequent  phases  on  the  process.  A  resource  guide 
was  developed  and  use^  to  search  for  appropriate  soft- 
ware and  technology  toois  given  the  broad  definition  of 
technology  to  include  computers  (e.g.,  Apple,  IBM,  or 
Macintosh),  peripherals  (e.g.,  adaptive  devices)  and  stand- 
alone technologies  (e.g.,  videodiscs,  information  ser- 
vices). 

Sompto  Outcome 

To  examine  the  utility  of  the  integration  process  for 
this  project  a  course  was  selected,  "Advanced  Trends  and 
Issues  in  Behavior  Disorders,*'  in  which  to  pilot  the 
procedures.  Discussion  with  the  instructor  and  a  review  of 
the  course  syllabus  provided  the  necessary  information  to 
initiate  several  searches.  A  sample  copy  of  the  results  of 
this  search  is  included  in  Figure  2. 

The  next  tasks  of  the  integration  process  involve 
collecting  published  reviews  of  the  materials  on  this  list 
and  making  some  decisions  about  which  materials  will  be 
personally  reviewed  by  the  instructor.  After  these  deci- 
sions are  made,  the  integration  process  moves  into  the 
"Acquisition**  phase  in  which  the  materials  must  be 
ordered  for  preview,  evaluated  for  their  instructional 
value,  and  purchased  or  returned.  The  "Implementation" 
phase  involves  engaging  in  the  necessary  inventory  and 
storage  procedures,  and  providing  training  for  both  the 
instructor  and  the  students  on  the  mechanical  operation  of 
the  program  or  tool.  The  "Integration**  phase  involves 
linking  the  use  of  the  program  or  tool  to  specific  course 
objectives,  managing  student  use  of  the  program,  and 
extending  the  value  of  the  learning  experience. 

It  is  worthy  to  note  that  the  type  of  technical  expertise 
necessary  to  assist  a  faculty  member  in  identifying  and 
selecting  technology  tools  for  a  given  course  is  especially 
important  at  the  outset  of  the  process.  As  technology 
issues  decrease,  instructional  issues  increase,  and  the 
focus  is  shifted  from  "shopping  for  technology*'  to 
discussions  of  effective  teaching  and  learning  tools. 

While  a  formal  evaluation  of  this  project  has  yet  to  be 
conducted,  the  reaction  of  a  small  group  of  teacher 


educators  has  been  encouraging.  The  resource  guide 
appears  to  hold  promise  for  special  education  teacher 
educators  who  are  motivated  to  ^    ctively  mtegrate 
technology  on  a  manageable  scale  with  due  consideration 
for  the  costs  involved.  However,  the  ultimate  success  of 
this  project  may  be  viewed  as  the  increased  dialogue  that 
the  resource  guide  stimulates  concerning  the  effective  use 
of  technology  in  the  preparation  of  special  education 
personnel. 
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Introduction 

A continuing  concern  in  many  preservice  teacher 
education  programs  is  how  to  integrate  com 
puter-based  activities  into  specific  content 
methods  courses  (Bauer  &  Grzenda«  1991;  Beaver,  1991; 
Biglan,  1992;  Dershimer  &  Dershimei,  Jr.,  1991;  Handler, 
1992;  Munson,  Westhoff,  Bauer,  &  Smith,  1992; 
Pacciano,  1992;  Stephen  &  Ryan,  1992;  Ware,  1991). 
Many  of  these  studies  deal  with  specific  initiatives  to 
infuse  technology  in  required  methods  courses.  This  is 
most  often  done  by  including  assignments  and  activities 
in  which  computer  applications  are  applied.  Accordingly, 
in  an  effort  to  address  this  concern,  specific  computer 
applications  (especially  using  the  Apple  Macintosh 
family)  were  included  in  a  semester-long  integrated 
reading/language  arts  methods  course  at  Bowling  Green 
State  University.  The  goals  were  1)  to  allow  students  to 
use  content  learned  previously  in  required  computer 
literacy  courses,  2)  to  provide  activities  which  would 
enhance  each  student's  feelings  of  expertise  and  confi- 
dence to  use  technology  in  classroom-based  field  experi- 
ences, and  3)  to  compare  perceptions  of  students  in  a 
technology-infused  section  with  those  in  a  control  group 
i.e.,  a  section  which  neither  infused  or  delimited  the  use 
of  computer  technology. 

Subjects 

The  students  who  were  included  in  the  technology- 
infused  (Tl)  section  (n=24)  wf  re  participating  in  a  pilot 
methods  project  which  involved  an  integrated  reading/ 
language  arts  section  taught  in  a  local  elementary  school. 
The  instructors  for  this  class  were  two  professors  and  a 
graduate  assistant.  One  professor  had  extensive  experi- 
ence using  computers  for  instruction  while  the  other  had 
little  computer  experience.  The  graduate  assistant  had 
moderate  experience  using  the  Macintosh  for  the  insmic- 
tion.  This  instructional  team  assigned  specific  assign- 
ments in  which  technology  was  to  be  used.  In  addition, 
they  regularly  encouraged  students  to  use  computers 
whenever  and  wherever  appropriate.  In  addition,  this 
section  was  given  additional  access  to  computer  labs  in 
the  education  building. 

The  students  who  comprised  the  control  group  (CG) 
section  (n=26)  were  participating  in  a  regular  methods 
program  taught  on  campus.  Their  only  participation  was 
to  complete  the  survey  items  pre  and  post  The  instructors 
for  this  section  did  not  encourage  nor  limit  the  use  of 
computers  in  the  course. 

Most  of  the  students  in  these  sections  had  completed 
the  required  computers  in  education  course  taught  in  the 
elementary  education  program.  A  limited  number,  less 
than  4  per  section,  had  not  completed  this  course. 
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AcHvitios 

In  this  experience,  students  hi  the  technology-infused 
section  completed  the  following  applications. 

Electronic  Journal 

Students  composed  a  learning  log  using  Macintosh 
word  processing  programs  (e.g.,  Word  4.0  and  Works).  A 
minimum  of  nine  samples,  each  consisting  of  a  minimum 
of  30  minutes  of  writing  were  elicited  over  the  course  of 
the  semester.  In  completing  this  electronic  journal, 
students  used  a  netwoik  file  sharing  system  in  a  clinical 
laboratory  as  well  as  other  computers,  either  their  own  or 
in  other  educational  settings.  These  journals  were  as- 
signed on  a  regular  basis  during  the  course  and  collected 
at  specific  intervals.  Feedback  was  given  to  the  students 
on  a  regular  basis. 

Required  assignments  Involving  technology 

Students  used  the  Macintosh  to  write  four  summaiies 
of  selected  children*  s  literature.  Students  were  given  a 
particular  format  to  follow  for  this  assignment.  Students 
were  asked  to  incorporate  computer  applications  into  the 
writing  of  a  class  book  of  language  experience  stories.  In 
completing  this  assignment,  each  student  participated  by 
taking  dictation  from  a  third  grade  child.  Each  student 
was  then  responsible  for  composing  a  page  for  a  class 
book  which  was  given  to  the  third  grade  classroom. 
Student  were  also  encouraged  to  use  technology  in  the 
creation  of  a  student  worksheet  developed  for  a  reading 
lesson.  For  example,  many  students  used  word  processing 
for  formal  lesson  plan  development. 

Attendance  at  a  regional  technology 
conference 

As  a  class  field  activity,  the  entire  class  attended  a 
regional  technology  conference  held  at  a  local  high 


school.  Attendance  at  this  conference  enabled  students  to 
hear  and  see  different  applications  including  a  range  of 
educational  technologies. 

Tutoring 

As  part  of  the  field  based  activity,  several  of  the 
students  in  the  section  were  able  to  assist  the  school 
library  specialist  with  weekly  computer  lessons.  These 
lessons  dealt  with  Apple  He  applications  and  were  taught 
to  children  m  grades  K-2. 

Results 

In  order  to  evaluate  the  effectiveness  of  these  activi- 
ties, data  were  collected:  A  pre-course  questionnaire  with 
questions  dealing  with  the  use  of  Macintosh,  A^le  II, 
and  IBM  computers  was  distributed  to  students  both  in 
the  technology  section  and  control  group.  Students  were 
also  asked  how  confident  they  felt  in  their  ability  to  teach 
with  computer  technology  in  general.  A  nine-point  Likert 
scale  was  used.  Expertise  was  ranked  from  1  (low)  to  9 
(high)  on  this  instrument  The  results  are  presented  m 
Tabl  1. 

As  mdicated  m  Table  1,  both  groups  felt  more  expert 
in  their  use  of  Macmtosh  than  either  Apple  II  or  IBM 
computers  at  the  beginnmg  of  the  experience.  Both 
sections  reported  mid-range  confidence  m  their  abilities  to 
teach  with  miaocomputers.  T-tests  showed  no  significant 
differences  between  sections. 

A  post-course  questionnaire  was  distributed  to  both 
sections  at  the  end  of  the  classroom  experience  m  early 
November.  This  questionnaire  repeated  items  from  the 
pre-course  form.  Both  post-assessment  surveys  mcluded 
an  item  asking  the  likelihood  that  technology  would  be 
used  m  future  during  the  4- week  field  experience.  In 
addition,  the  TI  section  also  received  a  questionnaire 
dealing  with  the  use  of  technology  m  their  reading/ 


Table  1 

Means  and  Standard  Deviations  for  Technology-infused  at)  and  Control  Group  (CG)  Pre-Assessment 
Surveys  . 


Item  

Level  of  expertise  using: 
Macintosh 
Apple  He 
IBM/clones 


TI(n=24) 
Mean  SD  Range 


5.7  2.3  8.0 
3.9  2.3  7.0 

2.8  1.8  6.0 


CG(n=26) 

Mean 

SD 

Range 

5.9 

1.9 

8.0 

4.2 

1.8 

7.0 

3.7 

1.7 

7.0 

Level  of  confidence 
using  miCTOComputers 

formstruction  5.1  2.1  8.0  5.9  1.3  5.0 
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Table  2 

Means  and  Standard  Deviations  for  Technotogy-linfused  (Tl)  and  Control  Group  (CG)  Post- 
Assessment  Surveys  


TI(n=24)  CG(n=26) 
Item  Mean  SD  Range        Mean  SD  Range 


Level  of  expertise  using: 


Macintosh 

7.1 

1.1 

5.0 

6.5 

1.7 

6.0 

Apple  lie 

5.0 

1.6 

7.0 

4.8 

1.7 

7.0 

IBM/clones 

3.8 

2.0 

7.0 

3.8 

L9 

5,0 

Level  of  confidence  using 

microcomputei"s  for  instruction 

6.5 

1.4 

6.0 

6.3 

1-7 

6.0 

Likelihood  of  using 

microcMnputers  in  field  experience 

7.3 

1.8 

5.0 

6.5 

2.5 

7.0 

language  arts  course. 

The  results  of  the  post  test  surveys  are  presented  in 
Tables  2  and  3. 

As  indicated  in  Table  2,  at  the  end  of  the  class,  both 
groups  felt  more  expert  in  their  use  of  Macintosh  than 
either  Apple  II  oc  IBM  computers.  Both  sections  contin- 
ued to  report  mid-range  confidence  in  their  abilities  to 
teach  with  microcomputers.  The  TI  section  appeared  to 
report  a  higher  likelihood  of  using  computers  in  the  field 
experience  than  the  CG  section  although  T-tests  showed 
no  significant  differences  between  sections. 

The  TI  section  was  asked  to  respond  to  a  number  of 
items  dealing  with  classroom  activities  in  which  technol- 
ogy was  infused  into  their  section.  A  nine-point  Likert 
scale  was  used.  Items  were  ranked  from  1  (not  helpful)  to 


9  (helpful)  on  this  instrument.  The  results  of  this  survey 
are  presented  in  Table  3. 

As  illustrated  in  Table  3,  attendance  at  a  technology 
conference  had  the  most  effect  as  reported  by  the  students 
in  the  section.  Other  items  ranked  relatively  high  were 
cwnpleting  the  electronic  journal  and  instruction  from  the 
required  computer  course.  The  items  which  had  relatively 
little  effect  were  tutoring  children  during  the  week,  the 
worksheet  assignment,  and  support  from  the  cooperating 
teacher. 

In  order  to  assess  the  amount  of  gain  on  the  survey 
questions  asked  pre  and  post,  the  data  for  each  section 
were  compared.  These  data  are  presented  in  Tables  4  and 

5. 


Table  3 

Means  and  Standard  Deviations  for  Technology-Infused  CTI )  Activity  Surveys 

TI  (n=24) 


Item 

Mean 

SD 

Range 

Rank 

How  helpful  were  each  of  the  following  in  increasing  your  expertise  in  using 

computers: 

1 .    Electronic  journal 

6.7 

1.1 

5.0 

2 

2..  Tutoring  children  on  Mondays 

4.4 

1.9 

6.0 

9 

3.   Completing  book  abstracts 

6.3 

1.2 

5.0 

5 

4.    Attending  technology  conference 

6.8 

1.7 

7.0 

1 

5.   Worksheet  assigtunent 

5.3 

2.3 

7.0 

8 

6.   Access  to  Reading  Center  Computer  Lab 

5.5 

2.2 

8.0 

6 

7.   Assistance  and  instruction  provided  by  team 

6.4 

1.6 

6.0 

3 

8 .    S  upport  from  cooperating  teacher 

5.4 

2.5 

8.0 

7 

9.   Notes/instruction  in  required  course 

6.4 

1.7 

5.0 

4 

Comput«r  technology  in  on  integrated  reoding/languogo  oris  mettiods  class  1 1 9 


Table  4 

Pre  and  Post  Means  and  Standard  Deviations  for  Technology-Infused  (Tl)  Section  Assessment  Survays 


Pre  (n=24) 

Post  (n=24) 

Items 

Mean 

SD 

Mean 

SD 

t 

p- value 

3.51 

.002* 

Macintosh 

5.7 

2.8 

7.1 

1.1 

Apple  He 

3.9 

2.3 

5.0 

1.6 

2.92 

.008* 

IBM/clones 

2.8 

1.8 

3.8 

2.0 

3.94 

.001* 

Level  of  confidence  using 

.000** 

microcomputers  for  instruction 

5.1 

2.1 

6.5 

1.4 

5.27 

♦iK.OS  **D<.001 

Table  5 

Pre  and  Post  Means  and  Standard  Deviations  for  Control  Group  (CG)  Section  Assessment  Surveys 

Pre  (n=26) 

Post  (n=26) 

Items 

Mean 

SD 

Mean 

SD 

t 

p- value 

Level  of  expertise  using: 

2.52 

.019* 

Macintosh 

5.9 

2.0 

6.5 

1.7 

Apple  lie 

4.2 

1.8 

4.8 

1.7 

2.42 

.024* 

IBM/clones 

3.7 

1.7 

3.8 

1.9 

.32 

.753 

Level  of  confidence  using 

.030* 

microcranputers  for  instruction 

5.9 

1.3 

6.3 

1.7 

2.3 

-p<.05 


As  seen  in  the  Tables  4  and  5,  both  sections  (TI  and 
CG)  showed  significant  (p<.05)  gains  in  the  level  of 
expertise  reported  on  the  Macintosh,  Apple  He,  and  in 
regard  to  their  overall  confidence  in  using  computers  for 
instruction.  The  TI  section  also  gained  significantly  in 
their  level  of  expertise  in  using  IBM/clones. 

Discussion 

The  purpose  of  the  present  study  was  to  develop  a 
model  for  the  infusion  of  computer  technology  into  an 
integrated  reading/language  arts  methods  course.  Accord- 
ingly, activities  were  developed  to  provide  specific 
experiences  for  the  students  in  the  technology-infused 
(TI)  section.  A  nine-point  Likert  scale  was  used  to  elicit 
perceptions  of  individuals'  expertise  using  the  Macintosh, 
Apple  He,  and  IBM/Clone  computers.  Using  the  same 
format,  students  were  also  asked  to  indicate  their  level  of 
confidence  in  using  computers  for  instruction.  The  same 
questions  were  asked  of  a  second  methods  section  which 
acted  as  a  control  group  (CG).  No  particular  emphasis 


was  given  to  computers  in  this  section. 

In  general,  the  results  were  disappointing.  Although 
the  TI  students  gained  significantly  in  their  reported  level 
of  expertise,  the  means  for  this  section  were  not  signifi- 
cantly different  from  the  means  in  the  CG  section.  In 
reuospect,  there  are  two  main  reasons  to  account  for  this 
fmding.  First,  it  is  possible  that  the  CG  section  received 
computer  instruction  and  aj^lications  in  methods  classes 
other  than  reading/language  arts.  Second,  it  is  possible 
that  the  survey  questions  lack  the  specificity  essential  for 
clear  results.  Thus,  it  is  not  possible  to  say  that  the  CG 
had  a  complete  omission  of  computer  technology. 

Given  the  activities  which  were  completed  by  the  TI 
section,  it  was  interesting  to  note  that  attendance  at  a 
professional  technology  conference  rated  the  highest  of 
all  activities  completed,  even  over  activities  in  which 
computers  were  directly  used.  At  this  conference,  students 
were  able  to  hear  other  teachers  discuss  the  use  of 
technology  and  to  preview  current  hardware  and  software. 
This  seems  to  be  an  important  finding  given  the  concern 
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for  use  of  class  time  in  university  methods  courses. 

Fmally,  what  could  be  done  differently?  Obviously  a 
mwe  detailed  survey  would  provide  further  insights  into 
the  changes  being  experienced.  Also  multiple  sections 
rather  than  just  a  pair  should  be  surveyed  (Beever,  1981), 
Perhaps  a  detailed  analysis  of  research  methodology 
along  with  a  revision  of  instrumentation  could  stiengthcn 
the  design  and  unplementation  of  a  new  study  on  the 
effectiveness  of  a  technology-infused  curriculum. 
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Authors  of  diagnostic  reading  texts  have  long 
recognized  the  need  to  demonstrate  for  students 
how  concepts,  principles,  and  theoriCvS  apply  to 
ttie  circumstances  of  actual  children.  A  few  have  made 
extensive  case  study  the  organizing  theme  of  their  books, 
but  most  have  sought  to  intermingle  content  presentation 
with  brief  examples  of  applications  based  on  real  or 
hypothetical  children.  Neither  approach  is  wholly 
satisfactory  in  reconciling  two  traditional  approaches  to 
instruction.  In  concept-based  learning,  content  is  central 
and  application  is  assumed  to  develop  deductively— from 
the  ideas  to  cases.  In  case-based  learning,  students  infer 
general  ideas  inductively  from  their  study  of  cases.  The 
ancient  disciplines  of  law  and  medicme  differ  sharply  on 
which  is  the  more  effective  approach,  but  no  one  dis- 
agrees that  in  some  way,  at  some  pointy  cases  and  content 
must  be  integrated  if  competent  practitioners  are  to  result. 

Spiro  (199i)  described  an  attempt  to  merje  the  two 
approaches  by  establishing  a  computerized  netv'ork  of 
information  within  which  medical  students  could  ^.o  from 
textbook  to  cases  and  back  again  as  they  saw  the  need  to 
do  so.  This  application  of  hypertext,  a  nonlinear  reprfts?.n- 
tation  of  text  that  facilitates  digression  to  other  sources, 
was  the  basis  of  the  present  project.  Portions  of  a  diagnos- 
tic text  were  linked  by  means  of  HyperCard  to  an  exten- 
sive set  of  data  for  a  single  child — in  effect,  an  electronic 
portfolio.  Graduate  students  in  two  reading  diagnosis 
courses  are  now  being  immersed  in  the  system  and  are 
being  given  the  freedom  to  examine,  in  any  manner  they 
wish,  both  the  student  data  and  the  textbook  passa^js. 
Our  eventual  goal  is  to  determine  whether  their  under- 
standing of  diagnostic  principles  and  thinking  improves  as 
a  result  of  the  experience. 

The  Nature  of  Hypertext 

It  is  probably  natural  to  think  of  text  m  linear  terms,  as 
having  a  beginning,  middle,  and  end.  A  reader  progresses 
through  it  along  a  path  that  very  much  resembles  a 
straight  line.  There  may  be  occasional  departures  from 
this  patli,  but  the  good  reader  is  assumed  to  minimize 
them.  The  notion  of  hypertext  entails  a  potential  network 
of  such  departures  and,  quite  unconventionally,  assumes 
that  readers  will  and  should  use  them. 

This  difference  Is  sometimes  couched  in  political 
terms.  Linear  text  may  be  seen  to  constrain  the  reader's 
choices  and  dictate  a  course  plotted  by  the  author,  who 
prescribes  what  the  reader  needs  to  know  at  each  succes- 
sive point.  Hypertext,  on  the  other  hand,  may  be  viewed 
as  empowering  the  reader  to  explore  a  network  of 
information  in  order  to  satisfy  personal  goals  and  inter- 
ests. Ironically,  it  also  permits  the  reader  to  hold  to  the 
conventional,  linear  course,  but  only  as  a  matter  of 
individual  choice. 

The  notion  of  hypertext  does  not  require  computeriza- 
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tion*  At  its  simplest  level,  a  reader  who  has  available 
orainary  textual  aids,  such  as  footnotes,  a  glossary, 
embedded  charts,  figures,  and  the  like,  is  positioned  to 
become  a  hyi)ertext  user.  Even  the  reader  who  lacks  these 
devices  has  the  potential  to  plunge  into  hypertext  by 
means  of  outside  sources,  including  reference  materials, 
books  actually  cited  in  the  original  text,  and  other  sources 
indirectly  suggested. 

Computerization  facilitates  sojourns  into  hypertext  by 
making  it  quicker  and  more  convenient  (Blanchard  & 
Rottenberg,  1990).  The  speed  at  which  a  learner  can 
explore  connections  in  the  process  of  constructing 
knowledge  is  indeed  one  of  the  most  powerful  attributes 
of  hypeitext  (Balajthy,  1989).  Another  is  the  notion  that 
learning  occurs  best  when  the  learner  is  free  to  interact 
and  "play**  with  concepts  and  ideas  in  a  manner  that  is 
self-managed  (Nelson,  1988;Spiro,  1991). 

Adapting  Hypertext  to  ftie  Diognosis  Clossroom 

Computer  applications  in  reading  diagnosis  have  been 
varied  (McKenna,  1991).  They  include  eye  movement 
measurement  and  text  presentation  control  (McConkie  & 
Zola,  1987),  expert  systems  (McKenna,  1986, 1987),  test 
admuiistration  (Blanchard,  1985),  and  strategies  for 
contrasting  clinician  judgments  (Vuisonhaler,  Weinshank, 
Wagner,  &  Polin,  1987).  To  our  knowledge,  a  hypertext 
application  is  novel  and  accordingly  raised  a  number  of 
questions  in  how  to  proceed. 

1 ,  How  much  of  the  text  should  be  included?  Most 
conceptualizations  of  hypeitext  entail  a  complete 
representation  of  the  linear  text  as  a  baseline  from 
which  to  digress.  We  rejected  this  course  for  several 
reasons.  First,  memory  limitations  make  this  goal 
unattainable  with  the  hardware  that  is  likely  to  be 
available  in  college  labs  (Balajthy,  1989).  Second, 
reading  speed  is  slowed  considerably  by  most  com- 
puter presentations  of  text.  Third,  computer  access 
time  would  have  prohibited  the  sort  of  in-depth 
reading  that  the  availability  of  an  extensive  textbook 
implies.  Finally,  complete  text  representation  would 
have  been  more  defensible  had  students  been  studying 
entirely  on  their  own.  TTiey  were  not.  Lecture  settings 
served  to  introduce  content  that  was  reinforced  and 
elaborated  by  reading  assignments  undertaken  in  the 
conventional  manner.  The  hypertext  setting  allowed 
students  to  reaccess  relevant  portions  of  the  text, 
portions  previously  covered  from  the  perspective  of 
concept-based  learning.  Now,  however,  their  primary 
goal  was  to  examine  diagnostic  data,  using  the 
textbook  excerpts  to  remind  and  clarify. 

2.  What  data  should  be  included?  An  extensive  textbook 
on  the  subject  of  reading  diagnosis  typically  contains 
hundreds  of  references  to  tests  and  other  data  sources. 
An  ideal  case  study  networked  to  such  a  text  would 


present  corresponding  results  for  the  same  child. 
Actually  gathering  such  data  would  obviously  raise 
serious  ethical  questions  about  oveitesting,  however. 
Moreover,  such  a  sweeping  regimen  of  testing  would 
involve  pupil  growth  in  the  time  required  to  complete 
it  and  would  almost  surely  reflect  instructional  effects 
of  the  assessment  itself.  For  all  of  these  reasons,  a  far 
more  modest  plan  was  enacted.  Data  were  assembled 
selectively,  using  the  text  used  in  the  course  (Lipson  & 
Wixson,  1991)  as  a  guide.  Numerous  informal 
instruments  included  in  the  text  (child  interviews, 
teachei  checklists,  etc.)  were  administered  along  with 
a  limited  number  of  commercial  instruments.  The  most 
time-intensive  of  these  was  the  Qualitative  Readiri^ 
Inventory  (Leslie  &  Caldwell,  1990),  an  Informal 
Reading  Inventory  ORI)  discussed  extensively  in  the 
text.  Thus,  student  data  were  gathered  both  selectively 
according  to  its  probable  instructional  value  and  text- 
specifically  so  that  linkages  between  text  and  results 
would  be  clear-cut. 

Two  useful  features  of  the  system  converted  it  from 
hypertext,  in  the  strict  sense  of  the  term,  to 
hypermedia.  One  was  the  possibility  of  recreating  oral 
reading  selections  that  had  been  digitized  from  tapes 
recorded  during  testing.  A  student  could  listen  to  a 
passage  while  examining  its  coded  form  on  the  screen. 
The  other  was  the  capacity  to  scan  and  store  student 
writing  samples.  Visual  aspects  of  student-generated 
documents  (handwriting,  spatial  airangement,  etc.) 
were  thus  captured  for  inspection. 
3 .  How  should  the  system  be  organized?  One  of  the 
formidable  aspects  of  hypertext  is  the  potential  to 
overwhelm.  The  user  might  actually  become  "lost"  in 
sophisticated  systems  marked  by  frequent  branchmg 
and  a  multiplicity  of  sources  (Yankelovich, 
Meyrowitz,  &  van  Dam,  1985).  For  this  reason,  a 
simple  framework  was  used.  A  menu  of  assessment 
areas  served  as  a  starting  point  and  permitted  branch- 
ing in  two  directions:  to  a  textbook  excerpt  or  to  case 
data.  We  acknowledge  that  far  more  extensive  systems 
are  possible,  involving  test  reviews,  artic'es,  data  for 
other  children,  and  so  forth.  Building  such  elaborate 
systems  has  intriguing  potential,  but  must  be  ap- 
proached with  caution.  Further  research  should 
compare  the  effectiveness  of  extensive  systems  with 
more  simplified  versions. 
4.     How  should  students  be  introduced  to  the 
system?  Because  concept-based  learning  had  preceded 
exposure  to  hypertext,  our  introduction  to  the  system  was 
not  lengthy.  First,  the  nature  of  hypertext  was  explained 
and  its  purposes  and  potential  discussed.  Second,  group 
discussion  was  used  to  facilitate  the  development  of 
individual  goals.  Assessment  issues  were  reviewed,  a  few 
possibilities  suggested  by  the  professor,  and  others 
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generated  by  students.  Each  student  was  encouraged  to  jot 
down  personal  objectives,  however,  and  to  view  the 
discussion  as  merely  suggestive.  Finally,  students  were 
introduced  to  the  actual  HyperCard  system  in  a  networked 
laboratory  setting. 

Future  Directions 

Data  are  now  bemg  collected  concerning  the  effects  of 
the  hypertext  system  on  the  diagnostic  ability  of  graduate 
students.  Analysis  should  provide  useful  ideas  for  revising 
how  the  system  is  organized,  what  it  contams,  and  how  it 
can  best  be  utilized. 
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Introduction 

F)r  the  last  three  years  professors  and  students  at  the 
University  of  Northem  Colorado  (UNC)  have  been 
continually  redesigning  Classroom  Educational 
Technology,  an  uH>er  division  course  required  of  all 
Professional  Teacher  Education  (PTE)  students.  The 
course,  better  known  as  ET  401,  has  undergone  a  number 
of  changes,  most  of  them  aimed  at  having  students  engage 
in  meaningful  bands-on  experiences  with  various  tech- 
nologies. One  issue  that  em^ged  from  the  various 
iterations  of  EF  401  was  the  need  to  provide  students  with 
not  only  the  basic  skills  necessary  to  incocporate  technol- 
ogy into  their  professional  experiences,  but  also  to 
provide  a  model  for  integrating  technology  across  the 
curriculum. 

During  the  summer  semester,  1992,  a  group  of 
educational  technology  graduate  students  and  instructors 
designed  a  special  section  of  ET  401  aimed  at  providing 
PTE  students  with  a  model  of  how  they  could  incorporate 
various  technologies  into  their  teaching.  This  paper 
describes  th  ^  project,  known  as  the  Earthquake  Club,  and 
summarizes  the  interview  data  that  was  collected  at  its 
conclusion. 


"Hands-On  Training"  Versus  "Looming  About" 

Collis  (198r:)  describes  a  situation  that  plagues  many 
introductory  educational  technology  classes.  Often 
ccHnputer  literacy  is  reduced  to  "information  suidents 
could  know  about  ccxnputers,  including  various  names 
and  dates  su^wsedly  pertinent  to  the  history  of  comput- 
ers, and  vocabulary  associated  with  the  computer  itself* 
(p.  8).  This  theme  could  apply  to  more  than  just  computer 
technologies.  Students  are  taught  about  technologies  but 
are  given  few  opportunities  to  practice  using  them.  The 
Office  of  Technology  Assessment  (OTA)  advocates  an 
appropriate  balance  between  demonstrations  and  practice 
sessions  (Scrogan,  1989).  Other  OTA  suggesrions  include 
emphasizing  hands-on  training,  building  a  ''tool  focus  so 
that  teachers  can  become  personally  empowered  by 
technology  use,  and  helping  teachers  catch  the  vision  and 
develop  approaches  to  integrating  technologies  within 
their  content  areas"  (Scrogan,  1989,  p.  83).  These 
suggestions  and  premises,  along  with  the  desire  to  provide 
students  with  a  model  of  technology  integration,  formed 
the  foundation  for  the  Earthquake  Qub  project. 

Design  of  the  Project 

During  the  summer  smester,  1992,  students  enrolled 
in  a  section  of  ET  401,  an  undergraduate  course  in 
classroom  educational  technology,  and  ET  610,  a  gradu- 
ate course  in  educational  materials  production  and  took 
part  in  the  Earthquake  Club  Project.  The  undergraduate 
course  was  organized  around  the  theme  of  earthquakes. 
This  theme  was  chosen  arbitrarily  in  order  to  provide 
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students  with  a  model  of  how  technology  could  be 
incorporated  across  the  curriculum.  The  twenty-five 
students  in  the  ET  401  class  were  divided  into  five  groups 
of  five  students  each.  Each  group  was  assigned  the 
following: 

a.  a  sub-topic  related  to  the  main  topic  of  earthquakes 

b.  graduate  student  mentors  from  the  ET  610  class 

c.  a  technology 

Group  1  was  assigned  Mechanics  of  Earthquake 
Faults  as  its  topic  and  hypermedia  as  its  technology; 
Group  2  was  assigned  Sociological  Implications  of 
Earthquakes  and  Desktop  Publishing;  Group  3— Plate 
Tectonics  and  video;  Group  4 — ^Famous  Earthquakes  in 
US,  History,  desktop  publishing;  Group  5— Geographical 
Distribution  of  Earthquake  Faults  in  the  U.S., 
hypermedia. 

Since  the  two  graduate  and  undergraduate  educational 
technology  courses  met  at  the  same  time  on  the  same 
days,  class  time  could  be  used  for  the  small  group  work. 
The  first  task  was  for  each  group  to  research  its  sub-topic. 
Students  used  a  variety  of  resources  including  on-line  and 
CD-ROM  databases  in  order  to  gather  infomation  about 
their  topics.  After  being  shown  many  examples  of  well 
designed  projects  that  utilized  their  assigned  technology, 
each  group  engaged  in  its  own  project  design  under  the 
watchful  eyes  of  the  graduate  student  mentors. 

Group  1  chose  to  build  a  Toolbook  project  that 
showed  cross  sections  of  various  types  of  earthquake 
faults  complete  with  hotwords  and  animation.  Group  2 
used  Aldus  Pagemaker  to  produce  On  Shaky  Ground:  A 
Sociological  Newsletter.  These  students  scanned  in 
images  of  earthquake  destruction  and  wrote  articles  like 
"Psychological  Problems  from  Mexico  City  Quake: 
Earthquake  Puts  Strain  on  Social  Services,"  and  "Are  You 
Prepared?"  Students  in  Group  3  used  a  sophisticated 
video  editing  system  and  computerized  digital  special 
effects  to  produce  "Whole  Lotta  Shakin*  Coin*  On,"  a  ten 
minute  instructional  video  about  plate  tectonics.  Group 
4's  project  was  a  newsletter  entitled  As  the  World 
Quakes:  Infamous  United  States  Earthquakes.  Like  Group 
2,  this  project  exploited  the  powerful  graphics  and 
desktop  publishing  capabilities  of  Aldus  Pagemaker. 
Group  5  used  Toolbook  to  construct  a  map  of  the  United 
States  that  was  divided  up  into  several  regions.  The  user 
navigated  through  this  hypermedia  project  by  clicking  the 
mouse  on  the  region  of  interest.  Overall,  the  relative 
sophistication  oi  the  projects  was  impressive,  especially 
considering  the  fact  that  many  of  the  twenty-five  students 
in  ET  401  had  very  limited,  if  any,  experience  wiUi 
microcomputers. 

A  Shaky  Summor 

Seven  days  aft^  students  began  working  on  their 
projects,  a  powerful  earthquake  rocked  Southern  Califor- 


nia. On  June  28  at  5  AM  an  earthquake  measuring  7.4  on 
the  Richter  Scale  centered  near  Yucca  Valley  provided 
the  Earthquake  Club  students  with  not  only  a  wealth  of 
data  and  current  examples  that  they  could  use  in  theu- 
projects,  but  a  sense  of  purpose  for  what  they  were  doing. 
The  quake  made  the  front  page  of  Group  4*s  newsletter, 
and  network  news  coverage  of  the  earthquake  provided 
footage  for  Group  3's  video.  During  follow-up  interviews, 
students  in  the  ET  401  class  reported  that  they  looked  at 
news  coverage  and  newspaper  accounts  of  the  California 
quake  dif  ferenfly— ciore  critically  and  with  a  special 
perspective  depending  upon  the  group  in  which  they  were 
working. 

Ihe  MocM 

The  main  purpose  for  conducting  this  special  project 
was  to  provide  future  teachers  with  a  model  that  they 
could  adapt  to  their  own  curricular  areas  and  to  emphasize 
how  projects  like  this  help  reinforce  skills  from  many 
curricular  areas.  For  example,  students  in  the  desktop 
publishing  groups  used  English  and  journalism  skills 
when  preparing  their  articles.  They  also  demonstrated 
their  understanding  of  various  design  principles  when 
laying  out  their  newsletters.  Students  in  the  hypermedia 
groups  learned  about  geography,  chemistry  and  physics 
while  looking  at  how  earthquake  faults  worked. 

The  inclusion  of  groups  that  looked  at  historical  and 
sociological  perspecdves  of  earthquakes  was  an  inten- 
tional move  to  demonstrate  that  the  study  of  earthquakes 
involved  more  tiian  geology,  ITiis  provided  students  with 
a  cross-curricular  model  where  history  and  sociology 
were  studied  along  with  plate  tectonics  and  other  geologic 
topics.  The  final  result  of  the  five  groups'  projects  was  a 
student  produced  knowledge  base  on  various  aspects  of 
earthquakes.  In  place  of  a  final  exam,  students  made 
formal  presentations  of  their  projects  which  was  followed 
by  an  inforaial  question  and  answer  session. 

Irtterviews 

Formal  semi-structured  group  interviews  were 
conducted  at  the  conclusion  of  tiie  semester.  The  purpose 
of  the  interviews  was  to  determine  what  die  students  had 
learned  from  the  Earthquake  Club  project,  and  to  make 
decisions  about  whether  to  continue  the  project  on  a 
larger  scale  in  future  ET  401  classes.  Researchers  also 
wanted  to  gatiier  data  about  student  attitudes  toward  the 
design  of  die  class  and  Uieir  perceptions  of  its  relative 
usefulness  in  tiieir  professional  careers.  Several  major 
issues  emerged  from  the  interview  data. 

One  issue  tiiat  was  mentioned  by  several  participants 
concerned  access  to  technologies.  Professional  Teacher 
Education  (PTE)  students  hoped  tiiat  they  would  have 
access  to  high  powered  computers  and  appropriate 
software  in  order  to  have  their  students  engage  in  similar 
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activities.  Others  pointed  out  that,  while  Toolbook  and 
Aldus  Pagemaker  might  not  be  readily  available,  other 
less  powerful  but  equally  useful  programs  may  be.  They 
commented  that  the  model  presented  was  not  hardware 
and  softwaie  specific  and  that  it  left  room  for  creative 
uses  of  other  computer  and  non-c(mputer  technologies. 
Several  students  said  that  the  Earthquake  Club  was  a  great 
confidence  builder.  Students  who  reported  themselves  as 
technophobic  before  they  took  the  class  said  that  they 
would  be  wiUing  to  take  risks  with  other  technologies  in 
the  future.  Several  students  reported  that  working  with  a 
mentor  was  a  key  ingredient  in  minimizing  the  intimida- 
tion factor. 

Students  reported  that  they  appreciated  the  fact  that 
this  course  did  more  than  just  scratch  the  surface  of  how 
technology  could  be  incorporated  into  teaching.  They  felt 
that  they  were  very  competent  in  at  least  one  technol- 
ogy— the  one  that  was  assigned  to  their  small  group.  They 
felt  that  this  approach  was  superior  to  learning  about 
many  different  technologies  but  not  learning  how  to 
effectively  use  them  in  teaching.  In  other  words,  the  PTE 
students  aj^reciated  the  in-depth  hands-on  approach  to 
learning  new  technologies.  Depth  was  preferred  over 
breadth. 

As  a  result  of  participatmg  in  the  Earthquake  Club, 
several  PTE  students  said  that  they  would  become 
advocates  for  technology  in  their  schools.  One  respondent 
said  th&t  programs  like  HyperCard  and  Toolbook  could  be 
used  in  virtually  any  subject  area  and  in  almost  any  grade 
level.  Students  in  the  desktop  publishing  group  said  that 
they  were  surprised  how  easy  it  was  to  manipulate  the 
software.  Again,  they  saw  much  potential  of  desktop 
publishing  in  many  different  content  areas  and  grade 
levels. 
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Implications  and  Conclusions 

Several  factors  contributed  to  the  relative  success  of 
the  Earthquake  Club.  First,  graduate  student  mentors  were 
available  to  work  with  the  undergraduate  PTE  students  on 
their  group  projects.  Second,  students  had  access  to 
powerful  state-of-the-art  hardware  and  software.  Third, 
students  were  given  ample  class  time  to  design  and 
produce  their  projects.  Finally,  the  class  size  of  twenty 
five  was  manageable — ^atypical  of  most  ET  401  classes. 
These  conditions  are  rare.  During  a  typical  fall  or  spring 
semester,  there  are  more  than  200  students  enrolled  in  ET 
401  classes.  This  puts  incredible  strain  on  the  available 
technology  and  human  resources.  The  challenge  for 
course  designers  is  to  adapt  what  has  been  learned  from 
the  Earthquake  Club  project  to  larger  classes  with  fewer 
mentors  and  less  class  time  available  for  students  to  work 
on  projects. 
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In  1993,  few  teacher  educators  would  debate  the 
necessity  of  preservice  and  inservice  teachers 
becoming  comfortable  and  competent  with  a  variety 
of  educational  computing  tools,  terms,  and  technologies. 
A  decade  (and  more)  earlier,  this  was  commonly  called 
computer  literacy,  and  in  the  intervening  years,  most 
schools  of  education  and  school  districts  have  created  and 
implemented  plans  for  helping  teachers  to  become 
"computer  literate."  One  of  the  most  p(^)ular  contexts  in 
which  teachers  encountered  educational  computing  was 
(and  still  is)  the  undergraduate  or  graduate  instmctional 
media  or  educational  computing  class,  required  in  many 
states  and  teacher  certification  programs.  The  papers  in 
this  section  address  the  planning,  implementation,  and 
outcomes  of  such  courses. 

Literacy  is  generally  regarded  as  referring  to  reading, 
writing,  and  computation.  Earlier  notions  defined  it  as 
being  able  to  read  a  short  passage  and  correcdy  answo* 
questions  pertaining  to  it  (Gove,  1986).  The  exact 
definition  of  "computer  literacy"  has  not  been  agreed 
upon,  as  it  is  context-dependent  and  changes  as  rapidly  as 
hardware  and  software  evolve.  Indeed,  many  teacher 
educators  now  refrain  from  using  the  term,  since  "lit- 
eracy" impUes  a  broader  and  deeper  notiwi  than  a  set  of 
skills  associated  with  using  machines.  (For  example,  do 
we  speak  about  "automobile  literacy'*  or  being  able  to 
drive?  Do  we  call  being  able  to  tape  a  movie  for  later 
viewing  "VCR  literacy?")  It  seems  that  as  teacher 
educators  have  tackled  the  challenge  of  preparing  teachers 
to  effectively  use  and  infuse  use  of  educational  computing 
tools  into  their  teaching,  the  emphasis  has  moved  away 
from  the  machine  and  toward  the  methods  for  use. 

To  illustrate  this  trend,  please  consider  the  following. 
In  1980,  the  Association  of  Computing  Machinery 
published  the  following  definition  of  "computer  literacy" 
(cited  in  Geisert  &  Futrell,  1984). 

Computer  literacy  includes  the  ability  to: 

1 .  Read  and  write  simple  computer  programs 

2.  Use  educational  computer  programs  and  documenta- 
tion 

3.  Use  computer  hardware  terminology 

4.  Recognize  the  limits  of  solving  educational  problems 
using  the  computer 

5.  Locate  information  on  computing  in  education 

6.  Discuss  the  historical  development  of  computer 
technology  for  education 

7.  Discuss  the  moral  and  human  impact  issues  relating  to 
societal  and  educational  use  of  computers 

Three  years  later,  the  State  Plan  for  Computer 
Utilization  in  North  Carolina  Public  Schools  defmed  the 
following  "essential  elements..in  a  computer  literacy 
program  for  teachers"  (cited  in  Geisert  &  Futrell,  1984), 

1.  Overcoming  negative  attitudes  or  fears 

2.  Familiarizing  users  with  the  basic  components  of  a 
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microcomputer 

3.  Describing  what  computers  and  computer  programs 
can  and  cannot  do 

4.  Introducing  computer  programming 

5.  Identifying  sources  of  information  about  computers 
and  software 

6.  Discussing  the  impact  of  computers  on  society 
Note  that  in  just  three  years,  the  definition  of  "com- 
puter literacy"  for  teachers  appears  to  have  shifted.  There 
is  a  de-emphasis  upon  programming  and  technical 
specifics,  and  increasing  emphasis  upon  the  development 
of  positive  attitudes  toward  use  of  computer-related 
technology.  Note  also  that  statements  of  learning  goals 
have  become  more  general  in  scope  and  semantics.  This 
last  point  is  well  illustrated  in  the  current  Texas  Education 
Agency's  statewide  requirements  for  computer  ccnnpe- 
tency  for  teacher  certification  candidates  (TEA,  1988); 

Computer  COTipetency  for  teacher  certification 
includes: 

1.  Social,  ethical,  and  educational  implications  of 
computer  use, 

2.  Use  in  delivery  of  instniction, 

3.  Use  as  a  productivity  tool, 

4.  Use  in  teaching  problem  solving, 

5.  Selection  of  appropriate  courseware  and  systems, 

6.  Fundamentals  of  hiformation  processing.  (Title  19, 
Part  n.  Chapter  137,  Subchapter  M,  page  2) 

As  indicated  by  the  example  above,  mott  recent 
guidelines  for  educational  computing  preparation  empha- 
size the  uses  of  computer-related  media,  rather  than  their 
history  and  technical  specifications.  This  is  further 
demonstrated  in  recently-adopted  NCATE  Foundations 
Standards  for  professional  studies  in  education  (ISTE, 
1992),  which  emphasize  use  of  broad  and  diverse  classes 
of  educational  technologies  in  the  design  of  instruction 
and  the  facilitation  of  ongoing  learning  for  both  students 
and  teachers.  Other  recent  publications  about  technology 
use  in  schools  emphasize  the  synergistic  relationships 
between  the  adoption  of  technological  innovations  and 
educational  restructuring  (i.e.,  Newman,  1992). 

The  p^rs  in  this  section  reflect  current  thinking 
about  educational  computing  competencies  as  it  is 
demonstrated  through  the  design  and  delivery  of  under- 
graduate and  graduate  education  courses.  Th(Mnpson, 
Schmidt  &  Tqpp  describe  a  comprehensive  program  at 
Iowa  State  University  that  makes  computer-related 
experiences  available  to  students  through  foundations 
courses,  methods  courses,  field  experiences,  and  an 
optional  educational  computing  minor.  It  is  interesting  to 
note  that  their  plan  for  students  includes  the  mentoring  of 
faculty  in  use  of  computer-related  technologies.  Jan 
Koppehnan  shows  how  computer-related  experiences  can 
be  successfully  integrated  into  a  "once-typical*'  educa- 
tional media  course.  The  resulting  course  structure  and 


teaching/learning  methods  are  anything  but  conventional. 
Brownell,  BrowneD  &  Zirkler  show  how  attitudes  about 
computer  use  significantly  change  as  a  result  of  students* 
participation  in  required  educational  computing  courses, 
and  have  brought  out  an  interesting  point  about  students' 
feelings  about  learning  to  write  computer  programs. 
Rebecca  Brent  provides  many  helpful  ideas  about  how  to 
use  writing  assignments  to  help  students  to  discover, 
organize,  clarify,  and  sunmiarize  what  they  are  learning 
while  enrolled  m  educational  computing  courses.  Julie 
Bao  shares  how  she  was  able  to  individualize  the  content 
and  process  of  an  educational  computing  class  according 
to  her  students'  needs  and  preferences. 

We  are  indebted  to  these  teacher  educators  for  sharing 
their  ideas,  techniques,  and  results  with  us.  It  is  my  hope 
that  Annual  readers  will  take  full  advantage  of  the 
"professional  senices"  offered  by  these  authors  by 
reading  and  reflecting  upon  the  p^rs  in  this  section. 
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The  need  for  quality  experiences  for  undergraduate 
students  in  the  axea  of  instructional  computing  is 
well  documented  in  the  literature  (Bitter  &  Yohe, 
1989;  Bruder,  1991;  Strudler,  1991;  Walker,  Keepes.  & 
Chang,  1992;  Wetzel,  1992).  If  new  teachers  are  to  use 
technology  effectively  with  their  students,  they  must  have 
appropriate  experiences  and  instruction  throughout  their 
preservice  program.  In  this  paper,  a  model  program 
integrating  technology  into  teacher  education  will  be 
described. 

During  the  past  ten  years,  the  College  of  Education  at 
Iowa  State  University  has  deweloped  a  technology 
program  for  undergraduate  teacher  education  students  that 
is  designed  to  make  technology  an  integral  part  of  the 
teaching  and  learning  environment  The  program, 
designed  to  model  the  applications  of  technology  teachers 
will  be  using  w^  h  their  own  students,  includes  the 
following  three  components: 

1.  a  course  in  computer-related  technology 

2.  computer-related  technology  experiences  in  founda- 
tions, methods  and  field  experience  classes 

3.  an  opticmal  minor  m  educational  computing  that 
includes  eighteen  credits  of  coursework  in  computer- 
related  technology  topics. 

The  first  two  components  of  the  program  are  part  of 
the  curriculum  for  all  teacher  education  students.  The 
thkd  component  is  designed  for  students  who  wish  to 
specialize  in  the  area  of  educational  technology. 

Accessibility  to  hardware  and  software  is  an  important 
factor  to  consider  when  designing  and  implementing  an 
instructional  computer  program.  The  hardware  and 
software  used  for  all  three  components  of  the  Iowa  State 
technology  program  is  located  in  five  computer  laborato- 
ries, a  model  technology  classroom,  and  a  model  math- 
ematics/science technology  classroom  in  the  College  of 
Education.  Other  computers  are  available  on  portable 
carts  for  use  in  classrooms  and  in  faculty  offices.  A 
software  collection  of  approximately  1,000  titles  is  also 
available  for  faculty  and  student  use. 

Computer-Related  Technology  Course 

The  three  (3)  credit  computer-related  technology 
course  is  based  in  the  belief  that  preservice  teachers  can 
leam  to  use  various  computer  tools  to  amplify  cognition. 
This  semester-long  course  has  been  taught  and  continu- 
ally developed  over  the  past  ten  years.  Topics  for  the  class 
include  word  processing,  database  management,  spread- 
sheets, graphics  programs,  Logo  programming, 
hypermedia,  problem  solving,  telecommunications  and 
desktop  publirhing.  The  text  for  the  course,  authored  by 
the  instructor  and  graduate  students  in  instructional 
computing,  is  now  in  its  fourth  edition.  The  text  reflects 
the  tool-based  and  hands-on  approBch  of  the  class. 
A  variety  of  innovative  teaching  strategies  that 
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incorporate  technology  are  modeled  for  the  students 
during  lecture  and  laboratory  experiences.  Students  are 
required  to  complete  relevant  weekly  projects  that 
develop  personal  computer  skills  and  promote  positive 
attitudes  toward  technology.  During  laboratory  time, 
emphasis  is  on  student  participation  that  introduces 
hands-on  activities  that  could  easily  be  incoiporated  into 
any  classroom.  For  example,  students  are  required  to 
design  a  database  for  any  curriculum  topic,  then  design 
questions  that  would  supplement  the  database  in  order  to 
develop  infcnrmation  handling  skills.  In  many  cases, 
students  are  able  to  ^ply  this  knowledge  of  technology 
within  other  courses  and  field  experience  opportunities. 

Technology  Integrotion  Throughout  the  Teocher 
Eckjcotion  Program 

One  of  the  best  opportunities  for  introducing  the  uses 
of  technology  in  an  instructional  setting  is  the  integration 
of  coaiputers  in  the  methods  courses  (Niess,  1990). 
Technology  integration  into  foundations  courses,  methods 
courses  and  field  experiences  is  a  continuing  area  of 
emphasis  in  the  teacher  education  [vogram  at  Iowa  State. 

In  order  to  integrate  technology  use  into  methods  and 
foundation  courses,  computer-using  faculty  members 
have  become  mentors  for  interested  colleagues,  helping 
them  to  develop  technology-related  activities  for  specific 
courses.  This  collaborative  effort  begins  with  the  mentor 
modeling  effective  teaching  strategies  using  technology  in 
the  classroom.  Then,  the  mentor  slowly  phases  out  of  the 
instructional  process  while  the  instructor  gradually  begins 
to  integrate  technology  into  his/her  own  course  with 
continued  support  from  the  mentor.  Support  is  also  given 
in  the  selection  of  software  and  the  set-up  of  hardware. 

Some  activities  that  have  emerged  from  this 
mentoring  process  include  the  development  of  reading- 
writing  activities  that  incorporate  technology,  the  use  of 
telecommunications  as  a  vehicle  to  communicate  with 
elementary  students  during  the  writing  process,  the 
participation  of  students  in  simulations,  and  the  use  of 
commercial  software  for  tutoring  elementary  students. 
The  next  step  in  this  process  will  be  the  involvement  of 
more  faculty  members  who  are  interested  in  integrating 
technology  into  their  courses. 

An  example  of  how  technology  is  being  used  to 
support  field  experiences  and  decrease  student  isolation 
within  the  teacher  education  program  is  the  Electronic 
Educational  Exchange  (EEE)  project.  The  EEE  is  an 
electronic  bulletin  board  designed  to  enhance  communica- 
tion among  school  administrators,  classroom  teachers,  and 
selected  students  throughout  Iowa,  as  well  as  Iowa  State's 
preservice  teachers,  faculty  and  graduate  students.  The 
EEE  relays  public  and  private  messages  among  users  and 
promotes  open  discussions  on  a  variety  of  special  topics. 


Conference  topics  are  changed  each  semester,  but  public 
electronic  mail  facilities  are  always  available  for  any 
questions,  requests,  or  ideas  a  user  wishes  to  share  with 
other  EEE  users. 

Future  plans  for  the  integration  of  technology  through- 
out the  teacher  education  program  will  continue  to  evolve 
as  ii  aovative  technology  uses  are  designed  by  faculty  and 
students.  A  new  model  technology  teaching  classroom, 
designed  for  mathematics  and  science  methods  classes 
and  funded  by  the  National  Science  Foundation,  is 
currently  being  used  for  the  fu*st  time.  The  classroom, 
containing  seven  computer  workstations  with  videodisc 
players,  CD  ROM  players,  and  XAP  Shot  cameras  enables 
preservice  teachers  to  use  technology  for  "hands-on" 
mathematics  and  science  experiences.  As  the  faculty  and 
students  become  more  comfortable  using  technology,  this 
new  facUity  will  be  widely  utilized  throughout  the 
college. 

Educational  Computing  Minor 

An  educational  computing  minor  has  been  offered  for 
preservice  teachers  who  are  interested  in  specializing  in 
the  use  of  technology  in  schools.  Students  who  receive  the 
educational  computing  minor  are  prepared  to  meet  the 
challenges  of  using  technology  in  future  classroom 
settings.  This  minor  combines  eighteen  credits  of 
coursework  in  technology,  computer  science  and  psychol- 
ogy. 

The  technology  courses  included  in  the  minor  are  the 
computer-related  technology  course  jM^viously  described, 
a  classroom  applications  computer  course  and  an  instruc- 
tional design  course  for  the  development  of  computer- 
assisted  instruction  (CAT).  Each  course  builds  upon  the 
knowledge  level  of  the  previous  course  and  each  empha- 
sizes the  integration  of  various  computer-related  technolo- 
gies into  the  curriculum. 

In  the  classroom  applications  course,  students  are 
required  to  creatively  integrate  computer-related  technolo- 
gies into  the  K-12  curriculum.  After  small-  and  large- 
group  discussions,  role  playing  situations,  and  hands-on 
activities  using  technology,  students  design  classroom 
applications  for  the  effective  use  of  technology.  In 
addition  to  traditional  computer  tqjics,  school  restructur- 
ing, hardware  troubleshooting,  telecommunicating  and 
networking  are  discussed.  Students  are  asked  to  complete 
a  variety  of  assignments  in  which  they  take  the  perspec- 
tive of  a  specific  grade-level  learner  or  teacher. 

Application  of  instructional  development  principles 
and  learning  theory  for  developing  computer  based 
instructional  systems  are  included  in  the  third  computer- 
related  technology  course  offered  in  the  minor  Students 
gain  familiarity  with  a  few  progranuning  languages  and 
authoring  systems  while  designing  instructional  com- 
puter-based scenarios  and  lessiiiii,.  One  project  in  this 
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course  allows  preservice  teachers  to  fieldtest  their 
computer-based  lessons  and  instructional  methods  with 
students  in  schools. 

A  specific  field  experience  is  offered  that  requires  the 
use  of  technology  by  preservice  teachers  in  schools.  For 
one  semester  hour  of  aedit,  students  spend  a  minimum  of 
twenty-four  hours  in  classrooms  or  computer  laboratories. 
This  field  experience  includes  observing  computer-using 
teachers,  assisting  teachers  with  using  technology, 
teaching  curriculum  topics  using  technology,  and  facilitat- 
ing teacher  and  admuiistrative  inservice  programs. 

Students  enrolled  in  the  educational  computing  minor 
have  become  excellent  role  models  in  using  technology 
for  other  students  and  faculty  in  other  courses.  In  addition 
to  providing  this  type  of  informal  support,  most  of  the 
students  taldng  the  educational  computing  minor  also 
work  as  consultants  in  the  college  computer  laboratories. 

Conclusion 

This  paper  has  described  a  technology  program  for 
preservice  teachers  that  makes  technology  an  integral  part 
of  the  teaching  and  learning  environment  throughout  the 
college.  The  three  major  components  of  the  program  are  a 
course  in  computer-related  technology,  computer-related 
teclmology  experiences  in  foundations  courses,  methods 
courses  and  field  experiences,  and  an  optional  educational 
computing  minor.  Although  the  computer  education 
program  at  Iowa  State  University  is  continually  evolving, 
it  is  designed  to  empower  students  with  the  knowledge 
and  attitudes  necessary  to  use  technology  as  a  tool  for 
their  own  learning  and  teaching. 
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An  educational  media 
course:  l\^erging  theory, 
technique,  and 
application 

Jan  Koppelman 
Viterbo  College 


Viterbo  College  is  a  small,  private  liberal  arts 
college  set  in  La  Crosse,  Wisconsin  along  the 
Mississippi  river.  The  college  is  noted  for  its 
programs  in  the  fine  arts  and  in  nursing,  and  the  teacher 
education  program  has  experienced  some  lecent  growth. 
Viterbo,  like  many  other  teacher  education  institutions, 
offers  an  introductory  course  in  educational  media  for 
preservice  teachers,  as  well  as  other  interested  students. 
The  course  is  required  for  elementary  and  secondary 
education  majors,  and  is  recommended  for  some  other 
majors  as  well.  Students  normally  enroll  in  the  educa- 
tional media  course  as  juniors,  having  completed  several 
other  education  courses  including  Introduction  to  Educa- 
tion, Educational  Psychology,  and  possibly  some  methods 
courses. 

The  purpose  of  the  typical  educational  media  course  is 
to  introduce  techniques  for  development  and  production 
of  instructional  materials,  and  to  give  the  students 
experience  in  operating  audiovisual  equipment.  Although 
our  students  do  have  reasonable  access  to  computers,  their 
exposure  and  access  to  technology  and  technological 
applications  is  rather  limited.  However,  given  this 
limitation,  the  course  that  we  have  developed  for  Viterbo 
students  features  a  hands-on  approach  that  goes  beyond 
simple  production  techniques.  Our  students  are  chal- 
lenged to  apply  the  educational  principles  they  have 
already  learned  in  other  courses  in  the  development, 
analysis,  evaluation  and  implementation  of  projects  they 
ccxnplete  for  this  class.  Students  quickly  discover  that  this 
is  not  a  course  in  "cut-and-paste"  or  electronics,  but  an 
integrated  experience  that  allows  them  to  creatively  apply 
the  skills  and  knowledge  they  acquire  in  this  and  other 
courses  in  developing  materials  for  real-life  applications. 

My  own  exposure  to  educational  media  as  an  under- 
graduate consisted  of  one  class  period  in  a  semester-long 
"general  methods  of  teaching**  course  where  the 
university's  A-V  technician  demonstrated  how  to  load 
projectors  and  show  films.  In  talking  with  others  who 
came  through  teacher  education  programs  at  about  the 
same  time,  it  appears  that  my  experience  was  typical. 
Unfortunately,  when  I  got  into  my  own  classroom,  the 
equipment  with  which  I  was  confronted  only  vaguely 
resembled  what  had  been  demonstrated  over  a  year 
earlier.  I  didn't  schedule  many  films  after  my  initial 
experience. 

Other  courses  in  educational  media  may  focus  on 
training  students  in  production  techniques.  Here  the 
emphasis  seems  to  be  on  technique,  often  without  much 
attention  to  practical  applications  for  the  resultant 
products.  Students  learn  good  production  skills,  but  the 
end  products  can  be  of  questionable  educational  value  or 
may  not  successfully  conununicate  the  concept  to  the 
target  audience. 

When  I  first  began  teaching  the  educational  media 
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class  at  Viterix)  nearly  15  years  ago,  I  structured  the  class 
as  a  blend  of  instruction  in  equipment  operation  and 
production  techniques.  This  proved  to  provide  the 
students  with  adequate  experiences  in  the  aspects  of 
educational  media  they  were  likely  to  encounter  as 
classroom  teachers.  I  found  that  students  easily  mastered 
the  production  skills,  and  most  successfully  struggled 
through  the  equipment  proficiency  assignments  without 
too  much  fear.  However,  the  students  consistently 
exhibited  the  most  difficulty  with  generating  ideas  for  the 
content  of  whatever  project  they  decided  to  produce. 

I  began  to  tinker  with  course  structure  and  material  in 
an  attempt  to  ease  their  struggle  with  content.  What 
evolved  is  a  course  structure  which  utilizes  the  concept  of 
a  student  selected  "focus  topic'*  for  production  projects. 
The  Focus  Topic  enhances  students'  understanding  of 
learning  theory  and  principles  of  visual  communication 
through  practical  application.  My  goal  was  to  help 
students  expand  the  hands-on  production  experience  and 
to  develop  a  unified  collection  of  materials  that  are 
educationally  sound  and  communicate  successfully  while 
students  work  through  a  carefully  designed  procedural 
framework.  As  this  integrated  approach  has  evolved,  I 
have  observed  a  significant  improvement  in  student  work. 
Other  faculty  members  in  related  courses  in  which 
students  develop  presentation  materials  have  noted  similar 
improvement. 

At  the  beginning  of  the  course  the  students  are  asked 
to  identify  and  define  their  Focus  Topic.  This  topic  then 
determines  the  content  of  all  production  projects  they 
complete  throughout  the  course.  In  selecting  their  topic 
students  are  encouraged  to  look  beyond  their  majors  and  a 
conventional  classroom  context.  They  may  select  a  topic 
about  which  they  already  have  some  knowledge  and 
which  is  of  genuine  interest  to  them.  They  may  consider 
topics  that  relate  to  hobbies,  special  interests,  or  even 
something  about  which  they  would  like  to  discover  more. 

The  Focus  Topics  range  from  the  conventional  to  the 
bizarre.  Initially  topics  selected  tended  to  be  very 
traditional  and  not  very  specific:  "Farm  Animals,  "Col- 
ors", "The  Five  Food  Groups**,  etc.  After  several  semes- 
ters of  similar  offerings,  I  attempted  to  stimulate  aeativ- 
ity  through  an  exercise  which  asked  students  to  aeate  a 
list  of  their  favorite  foods,  music,  movies,  pasttimes, 
people,  events,  issues,  etc.,  and  develop  ideas  for  Focus 
Topics  frcrni  that  list  This  seemed  to  unprove  the  range  of 
topics.  In  addition  I  developed  a  list  of  *Taboo  Topics** 
(including  such  topics  as  "Farm  Animals**,  **Colors**,  and 
*The  Five  Food  Groups**)  that  I  asked  students  to  avoid. 
Since  tiie  "Taboo**  list  has  been  employed,  I  have  noted  a 
significant  improvement  in  die  variety  of  topics.  Some  of 
the  more  unusual  topics  have  nicluded:  *The  Barouquen 
Stage  -  Behind  Uie  Scenes  of  an  Autiientic  Barouque 
Opera  Production**,  "Body  Building  for  Women**, 


"Competitive  Ballroom  Dancing**,  "The  Advantages  of 
Birkenstocks**,  *The  Beatles**,  'l-ife  in  Hell— the  College 
Dorm**,  and  "Pigeon  Racing**. 

Each  student  produces  a  detailed  topic  proposal 
document  that  identifies  and  describes  their  topic  in  a 
very  specific  way.  The  students  must  include  details  about 
Uie  intended  target  audience,  die  situation  in  which  the 
topic  is  likely  to  be  presented  (not  necessarily  a  classroom 
or  an  educational  setting),  the  primary  concepts  to  be 
presented,  some  possible  learning  activities  or  techniques 
tiiat  might  be  employed,  and  ideas  for  projects  they  might 
produce  and  incorporate  in  presenting  the  topic.  Students 
also  develop  an  annotated  bibliography  of  existing 
resources  (print  and  non-print)  that  will  provide  additional 
infonnation  to  them  as  well  as  to  their  target  audience. 

As  students  develop  the  topic  proposal  document, 
lectures  and  classroom  activities  explore  and  review 
learning  tiieories,  Uie  use  of  learning  objectives,  principles 
of  visual  communication,  as  well  as  some  simple  com- 
puter aH)lications.  Once  die  topic  proposals  are  finalized, 
students  begin  planning  for  assignments  and  die  produc- 
tion projects  they  choose  to  develqp.  The  course  grade  is 
determined  by  the  number  of  points  earned,  so  students 
select  and  do  as  many  assignments  or  production  projects 
as  Uiey  need  to  earn  the  requisite  points  for  the  grades 
tiiey  desire.  The  required  assignmen'is  are  die  topic 
proposal,  an  equipment  operation  practicum,  and  a  script 
for  eidier  a  slide  show  or  a  videotape.  All  oUier  assign- 
ments and  production  projects  are  optional;  however, 
students  must  complete  at  least  one  optional  production 
project  to  receive  a  passing  grade. 

Assignment  cations  include  an  ERIC  search  and 
abstracts,  a  tour  of  an  IMC  or  TV  production  studio,  a 
visual  analysis  paper  in  which  students  examine  a  piece  of 
visual  conununication  (often  a  magazine  ad)  and  analyze 
how  die  elements  of  art  and  principles  of  design  have 
been  applied,  and  software  demonstration  and  reviews. 
Production  project  options  include  various  displays, 
transparencies,  slide  shows,  and  video  projects.  The 
variety  of  assignment  and  project  options  allows  students 
to  explore  different  types  of  media,  experiment  wiUi 
production,  and  select  projects  diat  are  best  suited  for 
dieir  topics  and  interests. 

Aldiough  students  are  not  required  to  produce  a 
complete  project  for  each  of  Uie  types  of  production 
project  options,  they  do  get  some  hands-on  experience  in 
'  each  general  type  of  media.  A  "sample'*  mini-production 
experience  is  included  as  well  as  a  demonstration  of 
various  production  techniques  duiing  each  lecture.  For 
example,  during  Uie  lecture/presentation  on  displays,  each 
student  is  given  an  opportunity  to  drymount  and  laminate 
a  small  sample  picture.  This  immediate  hands-on 
experience  is  only  possible  if  class  sections  are  kept 
small,  of  course. 
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Students  receive  an  assignment  packet  at  the  begin- 
ning of  the  semester  with  explicit  details  for  the  require- 
ments for  each  assignment  or  project  cation  and  the 
criterion  and  point  value  for  each.  Students  may  also 
propose  alternative  projects.  Students  receive  full  point 
value  for  each  project  as  long  as  the  criterion  is  met  and 
the  quality  is  acceptable.  Bonus  points  are  also  awarded 
for  projects  that  are  clearly  exceptional.  I  have  found  that 
awarding  full  credit  for  acceptable  projects  eliminates 
students*  concerns  that  the  evaluation  is  too  "picky"  or 
that  expectations  are  too  high.  This  practice  also  seems  to 
encourage  the  students  to  think  creatively  and  to  experi- 
ment. When  the  fear  of  "losing  points"  for  minor  flaws  is 
removed,  students  seem  to  be  less  wary  of  attempting 
projects  they  might  not  otherwise  consider. 

Points  earned  from  assignments  and  production 
projects  can  also  be  supplemented  with  "extra  credit" 
points  earned  by  assisting  other  students'  productions 
(acting  in  a  video,  reading  a  script,  modeling  for  a  slide 
shoot,  etc.).  The  students  are  encouraged  to  work  for  these 
extra  aedit  points  because  I  have  found  that  this  gives 
them  additional  exposure  to  production  processes  and 
helps  build  their  confidence  to  try  similar  projects  on  their 
own.  Student  comments  indicate  that  working  as  a 
production  assistant  is  a  very  valuable  experience.  One 
student  commented  that  as  she  read  the  script  for  her 
classmate's  project  for  an  audio  recording,  ideas  for  her 
own  project  began  to  "pop"  into  her  head.  She  indicated 
that  the  act  of  participating  in  someone  else's  creative 
process  stimulated  her  own  creativity. 

The  closure  activity  for  the  course  is  a  presentation  of 
the  topic  as  a  "mini-lesson"  or  presentation  in  which  the 
students  use  the  projects  they  have  produced.  Because  the 
students  have  selected  their  topic  at  the  beginning  of  the 
semester,  and  all  of  the  projects  for  the  class  have  been 
developed  to  teach  or  present  some  concept  within  the 
context  of  that  topic,  the  mini-lesson  falls  easily  into 
place.  The  primary  task  is  to  develop  an  appropriate 
opening,  closing  and  transitions  to  set  the  stage  for 
presenting  the  media.  The  focus  of  the  evaluation  is  on 
total  communication,  including  presentation  and  commu- 
nication skills  and  skill  in  using  both  the  hardware  and 
software  in  the  presentation.  Students  make  the  presenta- 
tion twice.  The  first  time  it  is  presented  to  a  small  group 
of  two  or  three  other  students  and  videotaped  for  peer 
review  and  self  review.  The  students  also  make  the 
presentation  to  the  entire  class  and  the  instructor,  thus 
giving  them  an  opportunity  to  see  what  ideas  have  been 
developed  by  others  in  the  class. 

Until  the  "topic  focus"  course  model  was  imple- 
mented, many  students  spent  considerable  time  simply 
trying  to  identify  the  subject  matter  and  concepts  for  a 
project.  In  addition,  students  were  less  likely  to  think 
about  how  diey  might  actually  employ  the  end  product. 


and  frequendy  failed  to  apply  sound  design  and  teaching 
principles  because  they  were  distracted  by  developing  the 
content  or  were  focussed  upon  simply  mastering  the 
production  techniques. 

When  the  content  for  projects  has  already  been 
determined,  application  of  visual  communication  concepts 
and  learning  theory  is  facilitated  as  students  develop 
necessary  production  skills.  Students  leave  the  course 
with  a  unified  collection  of  instructional  materials  on  a 
topic  of  interest  to  them.  In  the  process  of  aeadng  these 
materials,  they  have  developed  skills  in  the  application  of 
learning  theory  and  visual  communication  techniques  that 
they  can  use  when  developing  materials  for  future  use  in 
instructional  settings. 

Jan  Koppelman  is  Director  of  Academic  Media  Produc- 
tion and  Services  (AMPS)  and  part-time  instructor  in  the 
Education  Department  at  Viterbo  College,  La  Crosse, 
Wisconsin  54601  (608)  791-0465. 
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Two  studies  examined  attitude  change  in  preservice 
teachers  during  a  computer  education  course.  In 
both  studies,  attitude  was  measured  in  relation  a) 
computers  in  4  areas:  usefulness,  liking,  anxiety  and 
programming.  Students  were  administered  the  attitude 
measure  at  the  beginning  and  end  of  the  course  and  were 
also  asked  to  report  their  perceived  level  of  expertise  with 
computers  at  the  begmning  and  end  of  the  course  in  both 
studies.  Cronbach*s  alpha  was  used  to  assess  the  reliabil- 
ity of  the  attitude  instrument  in  both  studies.  In  the  first 
study,  Repeated-measures  ANOVA's  were  used  to  test  for 
pre-  and  post-test  changes  in  attitude,  change  in  perceived 
level  of  expertise  regarding  computers,  and  for  main 
effect  interaction  with  instructor.  Repeated-measures 
ANOVA's  were  used  in  the  second  study  to  test  for  pre- 
and  post-test  change  in  attitude,  change  in  perceived  level 
of  expertise  regarding  computers,  and  for  main  effect 
interactions  with  GPA,  pre-test  perceived  level  of 
expertise  with  computers,  and  year  in  school. 

Tbe  first  study  involved  subjects  in  two  sections  of  the 
course  (n  =  18  and  n  =  28).  Each  was  taught  by  a  different 
instructor.  The  study  took  place  as  course  content  was 
being  standardized  across  instructors.  Participants  in  the 
course  were  elementary  education  majors. 

The  Cronbach*s  Alpha  for  the  pre-test  in  the  first 
study  was  .89  and  for  the  post-test  was  .88.  Significant 
differences  (p  <  .001)  between  pre-  and  post-tests  were 
found  on  the  usefulness,  liking,  and  anxiety  subsides  of 
the  attitude  instrument  with  an  indication  of  a  positive 
shift  in  attitude  in  each  area.  A  significant  difference  (p  < 
.05)  was  found  on  the  programming  subscale,  with  an 
indication  of  a  negative  shift  in  attitude.  A  significant 
difference  (p  <  .001)  was  also  found  in  participants' 
perception  of  their  level  of  expertise  with  cOTiputers, 
indicating  an  increase  in  their  perceived  level  of  expertise. 
No  interaction  was  found  between  any  attitude  measure 
and  instructor. 

In  the  second  study  (n  =  130)  the  course  fwrnat  was 
changed.  In  this  study  the  course  was  taught  by  two 
instructors  in  a  lecture/lab  format  Participants  were 
elementary  education  majors.  The  Cronbach's  Alpha  on 
the  pre-test  fot  this  group  was  .91  and  on  the  post-test  was 
.90.  In  this  study,  to  investigate  possible  main  effect 
interactions  with  pre-test  perceived  level  of  expertise, 
those  responses  were  categorized  as  low  (no  experience  or 
beginner)  vs.  high  (intermediate,  advanced  or  expert).  To 
investigate  possible  mam  effect  interacUons  with  GPA, 
self-reported  GPA  was  categorized  as  low  (<=  2.5), 
medium  (>  2.5  but  <=  3.0),  or  high  (>  3.0).  A  significant 
difference  (p  <  .001)  was  found  between  pre-  and  post- 
tests  for  the  whole  instrument,  indicating  a  positive  shift 
in  attitude  toward  computers. 

A  significant  interaction  (p  <  .01)  with  pre-test 
perceived  level  of  expertise  was  also  found.  Significant 


136  Technology  and  Teacher  Education  Annual  — 1993 


ERLC 


149 


differences  were  also  found  in  a  positive  direction  on  the 
liking  (p  <  .001)  and  anxiety  (p  <  .001)  subscales.  Both 
were  found  to  interact  with  pre-test  perceived  level  of 
expertise  at  the  p  <  .001  level.  No  significant  differences 
were  found  on  the  usefulness  subscalc  or  the  program- 
ming subscale,  although  programming  interacted  with 
pre-test  perceived  level  of  expertise  at  the  p  <  .05  level.  A 
significant  positive  shift  in  perceived  level  of  expertise 
was  also  found  (p  <  .001).  Possible  reasons  for  the  results, 
and  the  differences  in  the  results  between  the  two  studies 
will  be  discussed  and  related  to  the  content  and  format  of 
the  course  in  this  paper. 

Introduction 

Instruction  with  and  about  computers  has  been  a  key 
theme  in  education  during  the  last  decade.  The  report  A 
Nation  at  Risk  (Gardner,  1983)  cited  computer  compe- 
tence as  a  fourth  basic  skill,  along  with  reading,  writing 
and  arithmetic.  Bruder  (1988)  has  estimated  that  there  are 
ahnost  1.5  million  computers  available  in  schools  in  the 
United  States  for  students  in  grades  K  through  12. 
Students  at  every  level  have  a  good  chance  at  experienc- 
ing instruction  about  or  with  computers  as  they  pass 
through  the  educational  system. 

During  the  last  decade,  there  has  also  been  increased 
interest  in  the  educational  opportunities  provided  to 
preservice  teachers  so  that  they  may  be  adequately 
prepared  to  both  use  computers  in  the  teaching  of  tradi- 
tional content  areas  and  instruct  students  about  computer 
use.  Although  the  content  for  such  a  course  of  study  has 
not  yet  been  standardized  nationally  (Brownell,  1991)  the 
Association  for  Computing  Machinery  published  a  special 
issue  of  Outlook  (Lawson,  1988)  as  a  beginning  step  in  a 
dialogue  designed  to  arrive  at  a  set  of  guidelines  for  such 
a  course.  Also,  the  International  Society  for  Technology 
in  Education  (ISTE)  has  published  guidelines  for  accredi- 
tation of  educational  technology  and  computer  programs 
(Thomas,  Knezek,  Taylor,  Friske,  Sloan,  &  Wiebe,  1992). 
The  guidelines,  which  have  been  approved  by  the 
National  Council  for  Accreditation  of  Teacher  Education, 
include  Foundation  Standards  with  regard  to  the  applica- 
tion of  technology  to  education.  These  standards  outiine 
the  educational  technology  concepts  and  skills  which 
ISTE  proposes  that  all  teacher  certification  candidates 
should  have. 

As  more  and  more  teachers  become  responsible  for 
using  computers  in  their  professional  lives,  preservice  and 
inservice  teachers'  attitudes  toward  computers  become  an 
issue  (Jay,  1981;  Lawton  and  Gerschner,  1982;  Stevens, 
1980).  As  witii  any  subject,  a  negative  attitude  may 
negatively  affect  the  learning  process.  For  the  teacher 
engaged  in  learning  about  computers,  Uiis  may  ultimately 
affect  the  teacher's  competence  as  a  source  of  instruction 
about  computers.  Cambre  and  Cook  (1984)  found  that 


teachers  had  a  higher  level  of  computer  anxiety  than  did 
tiieir  students,  while  Koohang  (1987)  found  Uiat  previous 
experience  wiUi  computers  (and  the  type  of  experience) 
was  related  to  attitude  about  computers.  Given  the  fact 
that  more  and  more  preservice  teachers  are  being  required 
to  take  a  course  on  computers  in  education,  it  would  be  of 
benefit  to  view  Uie  effect  such  a  course  might  have  on  the 
attitudes  of  preservice  teachers.  Following  is  a  presenta- 
tion of  the  results  of  two  studies  on  attitude  change 
toward  cOTiputers  in  a  required  computer  education 
course  for  preservice  teachers. 

Study  One— Purposa 

The  purpose  of  this  study  was  to  investigate  the 
following  three  questions:  1)  Do  undergraduate  elemen- 
tary education  majors'  attitudes  toward  ccMnputers  change 
during  a  computer  literacy  for  educators  course?;  2)  Do 
undergraduate  elementary  education  majors  perceive  their 
levels  of  expertise  with  computers  as  changing  during  a 
computer  literacy  for  educators  course?;  and  3)  Is  Uiere  an 
interaction  between  attitude  change  and  course  instructor? 

Study  One— Methods 

Subjects  for  this  study  were  46  preservice  elementary 
education  majors  at  a  large  midwestem  university. 
Subjects  were  in  two  separate  sections  (n  =  18  and  n  =  28) 
of  a  required  computer  literacy  course  for  educators.  The 
course  met  for  a  five  week  period,  four  days  per  week,  for 
two  hours  per  day,  for  a  total  of  40  hours.  Each  section 
was  taught  by  a  different  instructor.  Course  content  was 
standardized  across  instructors.  Tq)ics  covered  in  the 
course  included;  modes  of  educational  computer  use, 
software  evaluation,  word  processing,  spreadsheets,  data 
bases,  interactive  videodisc  use,  teleconununicetions,  the 
computer  education  curriculum,  and  Logo  programming. 
Students  were  predominately  female  (n  =  41)  and  in  tiieir 
senior  year  (n  =  33). 

At  the  beginning  of  the  course  all  students  were  asked 
to  complete  a  pre-test,  which  was  a  19-item  attitude 
instrument  designed  to  measure  attitudes  toward  comput- 
ers in  four  areas:  usefulness,  liking,  anxiety  and  program- 
ming. Student  responses  to  each  item  were  on  a  Likert 
scale  ranging  from  Strongly  Agree  (1)  to  Strongly 
Disagree  (5).  Figure  1  presents  the  instrument.  Items 
which  comprise  Uie  subscales  are:  usefulness,  items  4,  5, 
6  and  7;  liking,  items  2, 10, 16  and  18;  anxiety,  items  3,  8, 
9, 11, 12, 13, 14  and  17;  and  progranuning,  items,  1, 15 
and  19.  Five  scores  are  reported  from  the  instrument,  one 
scone  for  each  of  the  subscales  for  the  areas  cited,  plus 
one  overall  score.  Each  score  reported  ranges  between  1 
and  5.  (For  a  full  description  of  the  development  of  Uie 
instrument,  please  see  Brownell,  1990.)  Data  were  also 
gaUiered  for  each  subject  as  to  self-reported  GPA,  self- 
perceived  level  of  computer  expertise,  and  year  in  school. 


Attitude  ctiongo  during  a  required  computer  educolion  course  tor  preservice  teocfieis  137 

ERiC  -  150 


For  the  following  quesUonnaire.  please  indicate  your  thoughts  and  feelings  about  computers.  For  each  of  the  items 
below,  consider  the  following  scale: 


Strongly 
Agree 


Agree 


Neutral  Disagree 


Strongly 
Disagree 


1  2  3  4  D 

For  each  question,  circle  the  number  which  best  describes  your  response  to  the  particular  item.  Please  express 
your  attitudes  freely.  There  are  no  right  or  wrong  responses. 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

i. 

2 

2 

2 

2 

2 

2 

2 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


4 

5 

1.  Today's  students  need  to  know  how  to  program  a  computer. 

4 

5 

2. 

Computers  are  always  causing  me  trouble. 

4 

5 

3. 

Computers  make  me  feel  helpless. 

4 

5 

4. 

All  elementary  students  should  use  cwnputers. 

4 

5 

5. 

I  would  like  to  use  a  computer  in  my  classroom. 

4 

5 

6. 

Learning  about  computers  is  unportant. 

4 

5 

7. 

Computers  should  be  used  in  all  school  subjects. 

4 

5 

8. 

I  find  computers  very  frustrating. 

4 

5 

9. 

I  look  Uke  a  fool  when  I  try  to  use  a  computer. 

4 

5 

10. 

I  avoid  cranputers  as  much  as  possible. 

4 

5 

11. 

Compared  to  other  people  in  coUege,  I  know  very  litUe  about  computers 

4 

5 

12. 

I  worry  that  my  students  may  know  more  about  computers  than  I  do. 

4 

5 

13. 

I  feel  nervous  when  using  a  computer. 

4 

5 

14. 

Hearing  others  talk  about  computers  makes  me  uneasy. 

4 

5 

15. 

Every  teacher  should  learn  how  to  program  a  computer. 

4 

5 

16. 

I  feel  comfortable  working  on  a  computer. 

4 

5 

17. 

I'm  afraid  of  ccmiputers. 

4 

5 

18. 

I  dislike  computers. 

4 

5 

19. 

Computer  programming  should  be  taught  in  the  schools. 

Figure  1.  The  computer  attitude  scale  used  in  both  studies. 


The  attitude  instrument  was  administered  again,  as  a  post- 
test,  at  the  end  of  the  course.  At  that  lime,  students  were 
asked  to  report  their  perceived  level  of  computer  expertise 
again. 


Study  One— Results 

The  Cronbach's  alpha  calculation  for  the  pre- test  was 
.89  and  for  the  post-test  was  .88.  Repeated-measures 
ANOVA's  were  used  to  test  for  change  frcxn  pre-test  to 
post-test  for  each  subscale,  for  the  total  instrument,  for 
perceived  level  of  expertise  with  computers  and  for 
interaction  by  instructor  for  any  of  these  measures.  Table 
1  gives  the  results  of  the  repeated-measures  ANOVA's.  It 
lists  pre-test  and  post-test  scores,  by  instructor,  for  each  of 
the  four  subscales  of  the  attitude  instrument  and  for  the 
overall  score  on  the  instrument.  Note  that  a  lower  score 
indicates  a  more  positive  attitude. 

Scores  on  the  usefulness,  liking,  and  anxiety  subscales 
were  all  significant  at  the  p  <  .001  level  and  all  showed  a 


change  toward  a  more  positive  attitude.  The  progranmiing 
subscale  scores  were  significant  at  the  p  <  .05  level  and 
showed  a  change  toward  a  more  negative  attitude  toward 
programming.  The  pre-test  and  post-test  scores  for  the 
total  instrument  were  significant  at  the  p  <  .001  level  and 
showed  a  shift  toward  a  mwe  positive  overall  attitude  as 
measured  by  the  instrument  An  inaease  in  perceived 
level  of  expertise,  shown  in  Table  2,  was  significant  at  the 
p  <  .001  level.  For  this  item,  a  higher  sccxe  indicates  an 
increase  in  self-perceived  level  of  expertise  regarding 
computers.  No  interaction  was  found  between  any 
instructor  and  any  measure. 

Study  One— Discussion 

While  students*  overall  attitudes  toward  computers 
changed  significantly  in  a  positive  direction  during  the 
course,  the  fmdings  by  subscales  are  of  particular  interest. 
The  usefulness,  liking  and  anxiety  subscales  indicated  a 
positive,  significant  change  in  attitude.  The  progranuning 
subscale,  however,  indicated  a  significant  negative  shift; 
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Table  1 

Study  1  Results  from  Repeated-Measures  ANOVA^s:  Attitude  Scores  (Subscales  and  Overall) 


 N  Pro  Post 

Usefulness  * 

Instructor  A  28  1.99  1.56 

Instructor  B  18  1.97  1.60 

Liking* 

Instructor  A  28  2.40  1.77 

Instructors  18  2.25  1.65 

Anxiety  * 

Instructor  A  28  2.55  1.87 

Instructor  B  18  2.71  1.87 

Programming  ♦* 

Instructor  A  28  2.43  2.70 

Instructors  18  2.22  2.59 

Overall  Score  * 

Instructor  A  28  2.38  1.92 

Instructors  18  2.38  1.88 

*p<mi 

**p<.05 

Note,  A  1  to  5  scale  was  used  with  a  shift  to  a  lower  score  indicating  a  m<^Q  positive  attitude. 
Table  2 

Study  1  Results  from  Repeated-Measures  ANOVA^s:  Students^  Perceived  Level  of  Expertise  

 N  Post 

Perceived  Level  of  Expertise  * 

Instructor  A  27  2.37  3.07 

Instructor  B  18  2.39  2.89 

*p<.001 

Note,  A  1  to  5  scale  was  used  with  a  shift  to  a  higher  score  indicating  a  self-perceived  gain  in  knowledge  of  computer 
use. 


students  liked  programming  less  at  the  end  of  the  course 
than  at  the  beginning.  In  fact,  students*  attitudes  were  still 
on  the  positive  side  of  neutral  with  regard  to  program- 
ming by  the  end  of  the  course,  but  had  shifted  more 
toward  neutral.  One  possibility  is  that,  having  been 
exposed  to  a  variety  of  uses  of  technology  in  the  class- 
room other  than  programming,  students  perceived 
programming  less  favorably  than  they  did  previously. 
Participants  may  simply  have  gained  more  information 
about  educational  computing,  and  that  information  may 
have  affected  their  view  of  programming.  Another 


possibility  is  that  the  programming  module  taught  in  the 
course  may  need  to  be  improved. 

It  is  also  interesting  that  no  instructor  interactions 
were  found;  students  essentially  had  the  same  attitude 
shift  regardless  of  which  instructor  taught  their  section  of 
the  course.  This  is  important  finding,  because  the  course 
content  had  been  standardized  previously  in  an  attempt  to 
provide  a  more  consistent  pr^uct  to  students.  That 
consistency  appears  to  have  been  realized,  at  least  in 
terms  of  attitude  change. 

According  to  the  data,  students  report  that  their 
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knowledge  about  using  computers  and  that  their  attitude 
toward  computers  has,  overall,  improved  posiUvely. 
These  are  two  goals  of  the  course  and  students  in  these 
two  groups  appear  to  believe  that  the  goals  were  success- 
fully accomplished. 

Study  Two— Purpose 

The  purpose  of  the  second  study  was  to  investigate  the 
following  three  questions;  1)  Do  undergraduate  elemen- 
tary education  majors*  attitudes  toward  computers  change 
during  a  computer  literacy  for  educators  course?;  2)  Do 
undergraduate  elementary  education  majors  perceive  their 
level  of  computer  expertise  as  changing  during  a  com- 
puter literacy  for  educators  course?;  and  3)  Is  there  an 
interaction  between  attitude  change  and  any  of  the 
following  variables:  pre-test  perceived  level  of  computer 
expertise,  GPA,  or  year  in  school? 

Study  Two— M^^thods 

Subjects  in  the  second  study  were  elementary  educa- 
Uon  majors  at  the  same  large  midwestem  university  (n  = 
130).  Participants  were  taking  the  same  required  computer 


literacy  for  educators  course  as  subjects  in  the  first  study. 
Topics  in  the  course  were  the  same  as  in  the  previous 
study.  However,  the  fonnat  of  the  course  was  different  In 
this  study,  students  attended  one  1  1/2  hour  per  week 
lecture  and  then  one  1 1/2  hour  per  week  lab.  Students 
were  divided  into  six  sections.  Lab  sessions  were  held  for 
each  individual  section  while  lecture  sessions  were  held 
with  three  sections  combined.  Total  course  enrollment 
was  155.  The  130  participants  rejM-esent  the  130  sets  of 
complete  data  obtained  from  students.  The  missing  25 
sets  of  data  were  caused  by  student  absence  during  pre- 
test or  during  post-test  administration.  Subjects  were 
predominantly  female  (92.3%),  juniors  (51.2%),  and 
seniors  (29.4%).  19.4%  of  the  subjects  were  sophomores. 
There  were  no  freshman  in  the  sample.  The  range  of  self- 
reported  GPA  was  2.0  to  4.0,  with  a  mean  of  2.98,  and  a 
standard  deviation  of  .42. 

The  19-item  attitude  instrument  used  in  the  first  study 
was  administered  as  a  pre-test  at  the  beginning  of  the 
course  (see  Figure  1).  Data  were  also  gathered  for  each 
subject  on  self-reported  GPA  as  well  as  self-perceived 
level  of  expertise  regarding  computers  and  year  in  school. 


Table  3 


Study  2  Results  from  Repeated-Measures  ANOVA^s:  Attitude  Scores  (Subscales  and  Overall)  

Pre  Post  Interaction 


N 


Usefulness 


130 


1.97 


1.80 


Expertise 
GPA 

Year  in  School 


Liking  * 


130 


2.35 


1.94 


Expertise  * 
GPA 

Year  in  School 


Anxiety ' 


130 


2.04 


1.62 


Expertise  * 
GPA 

Year  in  School 


Programming 


130 


2.57 


2.69 


Expertise  *** 
GPA 

Year  in  School 


Total  Score  * 


130 


2.37 


2.07 


Expertise  ** 
GPA 

Year  in  School 


*p<.m 

**p<m 

♦**/;<. 05 

Note,  A 1  to  5  scale  was  used  with  a  shift  to  a  lower  score  indicating  a  more  positive  attitude. 
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ThQ  attitude  instrument  was  administered  again,  as  a  post- 
test,  at  the  end  of  the  course,  and  students  were  again 
asked  to  report  their  perceived  level  of  expertise  with 
ccwiputers. 

Study  TWo—R0$u»$ 

The  Cronbach's  alpha  calculation  for  this  study  was 
.91  for  the  pre-test  and  .90  for  the  post- test.  Repeated- 
measures  ANOVA's  were  used  to  test  for  change  from 
pre-test  to  post-test  for  each  subscaie,  for  the  total 
instrument,  for  perceived  level  of  expertise  with  c(Mnput- 
ers  and  for  main  effect  interactions  widi  perceived  level 
of  computer  expertise,  GPA  and  year  in  school.  To 
investigate  possible  main  effect  interactions  with  per- 
ceived level  of  expertise,  responses  for  this  item  were 
categorized  as  low  (no  experience  or  beginner)  vs.  high 
(intermediate,  advanced  or  expert).  To  investigate 
possible  main  effect  interactions  with  GPA,  self-reported 
GPA  was  categorized  as  low  (<~  2.5),  medium  (>  2.5  but 
<=3.0),  or  high  (>  3.0). 

Table  3  presents  the  results  fcM*  the  attitude  insuiunent. 
A  significant  pre-test  to  post-test  difference  (p  <  .001) 
was  found  for  the  entire  attitude  instrument  with  an 
indication  of  a  positive  shift  in  students'  attitudes. 
Perceived  level  of  expertise  was  found  to  significantly 
interact  (p  <  .01  level)  with  students'  scores  on  the  total 
instrument.  There  were  significant  differences  (p  <  .001) 
in  a  positive  direction  for  both  the  liking  and  anxiety 
subscales  and  both  were  found  to  significantly  interact  (p 
<  .001  level)  with  perceived  level  of  expertise.  No 
significant  differences  were  found  on  the  usefulness  or  the 
programming  subscales,  although  programming  interacted 
with  perceived  level  of  expertise  at  the  p  <  .05  level. 

Tukey's  Studentized  Range  Tests  were  run  post-hoc  to 
investigate  the  interactions  found.  They  indicated  that,  at 
the  p  <  .05  level,  pre-test  self -perceived  computer 
expertise  interacted  with  total  attitude  score,  and  with  the 
anxiety  subscaie,  whether  the  student  responded  as  having 
a  low  level  of  expertise  (none  or  beginner)  or  as  having  a 
high  level  of  expertise  (intermediate,  advanced  or  expert). 


At  the  p  <  .05  level,  the  interaction  of  pre-test  self- 
perceived  computer  expertise  with  liking,  and  also  with 
programming,  only  occurred  when  students  responded  as 
having  a  self-perceived  low  level  of  expertise. 

Table  4  presents  the  results  of  the  Repeated-measures 
ANOVA's  for  perceived  level  of  expertise.  A  significant 
difference  (p  <  .001)  was  found  which  indicated  a  positive 
shift  in  student's  self-perceived  level  of  expertise  regard- 
ing computers. 

Study  Two— Discussion 

It  is  interestmg  that  students'  overall  attitude  toward 
computers  changed  significantly  iii  a  positive  direction, 
since  this  is  one  goal  of  the  course.  It  is  also  interesting 
that  students  perceived  themselves  as  having  more 
expertise  with  computers  at  the  end  of  the  course  than 
they  did  at  the  beginning. 

The  subscaie  data  indicates  that  students  ai^)ear  to 
increase  their  liking  and  decrease  their  anxiety  toward 
computers  while  participating  in  the  course;  two  desired 
results.  While  students  did  not  significantly  gain  a  more 
positive  attitude  toward  usefulness,  it  should  be  noted  that 
the  shift,  although  not  statistically  signincant,was  in  a 
positive  direction  and  approached  significance  (p  ~  .057). 
It  is  encouraging  that  th^e  was  nc  statistically  significant 
negative  shift  in  attitude  toward  programming,  but  it  is 
disturbing  that  the  shift  was  in  a  negative  direction.  One 
reason  for  the  direction  of  this  shift  may  be  that  students, 
upon  entering  the  course,  often  verbally  express  a 
strongly  held  negative  attitude  toward  programming  due 
to  previous  negative  programming  experiences.  They 
often  appear  to  adopt  a  "wait  and  see"  attitude  about  the 
programming  module  in  the  course  (hence,  the  **middle- 
of-the-road"  responses  about  progranuning  during  the 
pre-test).  The  results  here  may  mean  that  students  are  stiU 
not  convinced  about  the  educational  value  of  teaching  and 
learning  programming  skiUs.  It  may  be  that  a  different 
approach  to  the  programming  module  wiU  be  needed  to 
help  students  feel  more  favorably  about  programming  in 
education. 


Table  4 

Study  2  Results  of  Repeated-Measures  ANOVA^s:  Students'  Perceived  Level  of  Expertise 

 N  Pre  Post  

Perceived  Level  of  Expertise  *  1 30  2.52  2.93 

*  p  <  .001 

Note.  A  1  to  5  scale  was  used  witli  a  shift  to  a  higher  score  indicating  a  self-perceived  gain  in  knowledge  of  computer 
use. 
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Tlie  interactions  found,  if  not  surprising,  are  of  sjvxial 
interest.  Pre-test  self-perceived  level  of  computer  exper- 
tise interacted  with  total  attitude  score,  and  with  the 
anxiety  subscale  score,  whether  the  student  responded  as 
having  a  low  level  of  expertise  (none  or  beginner)  or  as 
having  a  high  level  of  expertise  (intermediate,  advanced 
or  expert).  In  this  instance  it  aR)ears  that  students' 
perceptions  of  their  computer  skill  were  related  to  both 
their  change  in  attitude  toward  computers  overall  during 
the  course,  and  a  reduction  in  anxiety  about  cwnputers. 
The  interaction  of  pre-test  self-perceived  computer 
expertise  and  liking,  and  also  with  programming,  how- 
ever, occurred  only  when  students  responded  as  having  a 
low  level  of  expertise.  A  more  negative  view  of  one' s 
computer  expertise  may  be  related  to  attitude  change 
regarding  liking  and  to  attitude  toward  programming. 

One  outcome  of  the  attitude  change  reflected  in  the 
study  may  be  that  students  seek  out  more  experiences 
with  computing  in  education.  With  regard  to  the  interac- 
dons  cited  above,  it  might  be  that  students*  improved 
perception  of  their  computer  expertise  will  also  assist  in 
leading  them  to  more  experiences  with  computers  in  the 
future. 

Conclusion 

The  findings  of  both  studies  seem  to  suppat  the  idea 
that  students*  attitude  toward  computers  positively 
changed  during  the  course.  This  appeared  to  occur 
regardless  of  course  format.  The  progranuning  finding  in 
the  first  study  was  disappointing,  although  this  finding 
was  mitigated  somewhat  in  the  second  study.  It  appears 
that  course  content  may  need  to  be  altered  to  overcome 
what  seems  to  be  strongly  held  attitudes  regarding 
progranuning.  One  option  is  to  integrate  collaborative 
learning  techniques  into  the  programming  module. 
Another  option  is  to  change  the  specific  Logo  activities 
and/or  the  duration  of  the  module.  A  next  step  in  research 
beyond  the  current  study  will  be  to  vary  content  (such  as 
the  programming  module)  and  more  closely  track 
students'  attitudes  with  respect  to  the  content  varied. 

Additional  studies  of  attitude  change  during  similar 
courses  would  be  valuable.  We  need  to  know  how 
students  view  computing  and  what  effect  we,  as  instmc- 
tors,  may  have  upon  those  views.  If  we  improve  comput- 
ing skills  witiiout  improving  students'  attitudes  toward 
computers,  we  will  not  be  doing  all  we  can  to  help 
increase  tiie  productive  use  of  technology  in  tiie  schools. 
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Writing  assignments  in 
educational  computing 
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technoiogy  classes 
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The  processes  of  learning  and  writing  are  power 
fully  linked.  Fulwiler  (1987)  asserts  that  "writing 
is  basic  to  thinking  about,  and  learning,  knowl- 
edge in  all  fields  as  well  as  communicating  that  knowl- 
edge" (p.  1).  Elbow  (1986)  concurs,  obsCTving  that 
writing  leads  to  more  detailed  and  complete  thinking  as 
the  writer  explores  connections  and  different  organiza- 
tional patterns  in  the  material  to  be  learned.  Another 
potential  benefit  of  writing  has  to  do  with  what  Marton 
(1975)  calls  surface  and  deep  approaches  to  learning.  - 
Many  college  teachers  are  L  ..aated  by  the  tendency  of 
students  to  take  a  surface  approach  to  learning,  meaning 
that  they  pursue  their  studies  with  a  minimum  of  personal 
engagement,  satisfied  to  memorize  facts  and  procedures 
without  attempting  to  understand  them.  Only  a  small 
minority  routinely  adopt  a  deep  approach  to  learning, 
delving  into  the  meanings  of  lectures  and  readings,  asking 
probing  questions,  voluntarily  doing  outside  reading,  and 
relating  class  material  to  material  in  other  subjects  and  to 
their  own  experience. 

Taking  a  surface  approach  to  learning  may  be  espe- 
cially ccmmon  as  teacher  education  students  learn  about 
technology.  It  is  all  too  easy  for  them  to  simply  learn  the 
steps  in  using  a  particular  computer  program  or  bulletin 
board  without  really  understanding  what  they  are  doing  or 
how  to  apply  it  in  the  classroom  once  the  course  is  over. 
Even  when  technology  is  integrated  into  methods  courses, 
students  often  miss  the  connections  between  what  they  are 
learning  and  what  they  can  use  in  their  classrooms  in  the 
future.  Most  of  us  would  prefer  that  students  adopt  a 
deeper  approach  to  educational  technology,  but  how  do 
we  get  them  to  do  that? 

Certain  instructional  methods  promote  a  deep  ap- 
proach to  learning  by  encouraging  students  to  relate 
material  to  their  lives  and  by  assigning  tasks  that  require 
deeper  thinking  about  the  subject  (Entwistle,  1988; 
Ramsden,  1988).  Writing  can  serve  both  of  these  func- 
tions. In  a  recent  paper.  Brent  and  Felder  (1992)  show 
how  suitably  designed  writing  assignments  can  induce 
students  to  deepen  their  aK>roach  to  any  subject.  In  this 
paper  I  will  suggest  a  variety  of  writing  assignments  for 
educational  computing  and  instructional  technology 
courses  or  methods  courses  with  a  technology  component. 
Most  of  the  assignments  can  be  completed  quickly  by  the 
students  and  evaluated  cursorily  or  not  at  all  by  the 
instructor.  The  assignments  are  designed  to  stimulate 
students  to  (1)  explore  their  own  attitudes  and  background 
knowledge;  (2)  clarify,  organize,  and  summarize  what 
they  are  learning;  (3)  improve  critical  thinking  skills;  and 
(4)  apply  what  they  have  learned  to  their  own  classrooms. 
The  assignments  are  written  in  italics  with  possible 
variations  in  parentheses.  Notes  are  interspersed  to 
explain  the  educational  function  of  each  assignment  and 
its  role  in  motivating  a  deep  approach  to  learning. 
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Exploring  inttiol  attitudes  and  octivoting 
background  knowtodga 

Since  students*  initial  attitudes  toward  a  subject  can 
affect  their  willingness  and  ability  to  learn  the  course 
material,  it  is  helpful  for  instructors  and  students  to  be 
aware  of  those  attitudes  from  the  outset.  Many  students 
have  strong  fears  associated  with  any  type  of  technology; 
others  may  be  convinced  they  already  know  everything 
the  instructor  has  to  teach  them.  Both  attitudes  can  inhibit 
learning  and  are  often  present  in  different  members  of  the 
same  class.  A  good  way  to  bring  these  attitudes  to  the 
surface  is  to  ask  the  students  to  write  about  their  feelings 
as  they  begin  the  course.  For  example,  "What  have  you 
heard  about  this  course?  What  are  your  feelings  about 
starting  it?  What  grade  do  you  expect  to  get  in  it?" 

Psychological  research  has  shown  that  learning  does 
not  take  place  in  a  vacuum;  rather,  pec^le  learn  by 
assimilating  new  information  into  existing  cognitive 
structures  (Gagne,  1985).  Stimulating  smdents  to  recall 
things  they  already  know  that  are  related  to  the  course 
content  can  substantially  increase  the  likelihood  that  they 
will  be  successful  in  learriing  the  material.  For  example, 
"Briefly  sununarize  what  you  know  or  have  heard  about 
spreadsheets  (or  drill  and  practice  i^-ograms,  Logo, 
teleccMiununicaticns,  elecuronic  bulletin  boards,  word 
processing).'* 

An  effective  way  to  encourage  students  to  tap  into 
what  they  know  and  pinpoint  what  they  do  not  yet  know 
or  understand  about  a  subject  is  to  ask  them  to  generate  a 
list  of  questions.  For  example,  "List  seven  questions  or 
things  you  don*  t  know  about  how  a  computer  works  (i.e., 
HyperCard,  computer  simulations,  laser  discs,  computer 
graphics).  For  each  question  you  list,  indicate  why  it 
might  be  important  to  know  the  answer/*  Once  generated, 
the  list  provides  motivation  and  focus  for  learning  the 
material  to  be  taught.  An  even  deeper  level  of  thought 
about  the  material  may  be  induced  by  asking  the  students 
to  predict  the  answers  to  some  of  the  questions. 

An  apparently  necessary  condition  for  most  students 
to  adopt  a  deep  approach  to  learning  is  that  they  perceive 
the  relevance  of  the  subject  to  their  lives.  One  of  the  best 
ways  to  establish  relevance  is  to  get  the  students  to  do  it 
for  themselves.  For  example,  "List  situatiois  in  your  life 
when  you  could  use  a  database  (graphics  program,  Lotus 
1-2-3).** 

All  of  these  exercises  may  be  done  in  class  or  as 
homework.  Having  students  keep  a  journal  or  a  section  in 
their  notebooks  for  entries  of  this  type  is  a  good  way  to 
organize  the  writing,  and  it  allows  students  to  go  back  and 
reread  previous  responses.  Listing  or  other  brainstonning 
activities  might  first  be  done  individually  and  then 
followed  by  brief  sharing  and  discussion  of  written 
responses  in  groups  of  3-5  in  class,  exposing  the  students 
to  a  wider  variety  of  ideas  than  they  were  able  to  generate 


individually.  Most  or  all  of  the  students  in  a  class  would 
be  involved  in  this  exercise,  unlike  the  traditional  ap- 
proach in  which  a  few  students  are  called  on  individually; 
moreover,  if  the  discussion  takes  place  the  instructor  does 
not  have  to  collect  and  read  all  the  responses  to  the 
assignments  to  have  the  desired  effect  on  students* 
learning. 

Clarifying,  orgonizing,  and  summarizing  n#w 
information 

As  in  many  courses,  courses  on  educational  comput- 
ing and  instructional  technology  tend  to  include  a  great 
deal  of  information  and  a  wide  variety  of  applications. 
Students  can  easily  become  overwhelmed  and  may  fmd 
themselves  mindlessly  going  from  one  requirement  to 
another  without  taking  time  to  reflect  on  what  they  have 
learned  and  how  information  and  applications  are  related 
to  one  another.  Writing  assignments  such  as  die  following 
can  provide  such  opportunities  for  reflection. 

Review  what  you  know  at  this  point  about  hypermedia 
(interactive  videodiscs,  simulations,  random  access 
memory).  What  points  or  questions  would  you  like  to 
discuss  farther? 

Look  back  at  the  questions  that  you  listed  before  we 
began  this  topic.  Are  there  any  to  which  you  still  don*t 
have  answers?  Are  they  important?  How  might  you  go 
about  getting  the  answers? 

What  are  the  similarities  between  using  a  computer 
drill  and  practice  program  and  using  a  computer  simula- 
tion (spreadsheet  and  database)? 

After  completing  such  assignments,  students  genei-ally 
have  a  much  clearer  idea  of  what  they  know  and  where 
there  are  gaps  in  their  knowledge.  In  addition,  students 
who  have  had  the  tune  to  organize  their  thoughts  in 
writing  tend  to  be  more  willing  to  contribute  to  class 
discussion. 

Some  instructors  routinely  have  students  write 
summaries  of  what  they  have  learned  in  a  class  session 
and  turn  in  their  writing  before  leaving  the  class  session. 
The  instructor  can  then  scan  the  comments  to  determine 
how  students  grasped  the  material. 

What  is  the  most  important  thing  you  learned  about 
programming  (hard  drives,  FrEdWriter,  management 
systems)  in  class  today?  What  is  your  main  unanswered 
question? 

Prepare  a  one-sentence  (one-paragraph,  one-minute) 
summary  of  the  main  idea  of  this  class  period. 

Irr^oving  critical  thinlcing  sicills 

Critical  thinking  involves  examination  and  analysis  of 
information  to  draw  and  justify  conclusions  regarding  its 
validity.  Critical  thinking  skills  include  abilities  to  dra  v 
sound  inferences,  evaluate  credibility  and  reliability  of 
sources,  identify  main  ideas,  underlying  assumptions,  and 
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logical  fallacies,  and  synthesize  ideas  (Kurfiss,  1988). 
These  thinking  skills  are  teachable  if  they  are  modeled  by 
instructors  and  practiced  by  students.  The  following 
writing  prompts  can  help  to  encourage  use  and  develop- 
ment of  critical  thinking  skills  in  instructional  technology 
courses,  or  educational  methods  courses  that  integrate  the 
use  of  educational  technologies. 

Now  that  you  have  generated  a  graph  of  the  data 
(calculated  the  mean  and  standard  deviation,  generated 
the  grade  list),  how  can  you  be  sure  the  results  are 
correct? 

Which  of  these  simulations  is  most  user-friendly 
(^propriate  for  teaching  this  concept,  realistic)?  Support 
your  opinion. 

What  is  the  underlying  model  of  teaching  being  used 
in  this  software? 

Excellent  opportunities  for  critical  thinking  p-esent 
themselves  when  students  are  progranuning  or  making 
use  of  authoring  systems.  Hie  process  of  programming 
itself  requires  analysis  of  assumptions,  predictions  of 
what  user  reactions  and  problems  will  be,  and  determina- 
tion of  apiM'opriate  steps  to  take  in  completing  program- 
ming tasks.  Writing  assignments  like  the  following  help 
students  to  focus  upon  these  types  of  thinking. 

Before  you  begin  to  design  your  tutorial  using 
Authorware  (orHypeiCard,  LinkWay),  list  what  you  know 
about  your  students  and  the  steps  you  wiU  take  in  com- 
pleting the  project. 

Suppose  you  you  go  to  a  pulldown  menu  in  your 
tutorial  and  you  can*  t  get  back  to  where  you  started, 
brainstonn  possible  reasons  for  the  problem.  What  steps 
can  you  take  to  solve  it? 

Are  there  possible  user  responses  you  haven* t 
accounted  for?  How  could  you  modify  your  program  to 
account  for  them? 

Assignments  such  as  these  that  call  upon  education 
students  to  exercise  critical  thinking  skills  help  them  to 
develop  those  skills  and  therefore  inaease  the  probability 
that  they  will  require  sunilar  types  of  thinking  from  their 
own  students. 

Applying  learned  material  to  the  K-12 
classroom 

An  important  purpose  of  teaching  about  technology  in 
teacher  education  programs  is  to  help  students  use  what 
they  have  learned  in  the  course  to  enhance  instruction  in 
their  classrooms.  Too  often,  students  are  introduced  to  a 
variety  of  technological  ^plications  in  a  university  class 
and  never  see  them  again.  One  way  to  keep  that  from 
happening  is  to  encourage  students  to  apply  what  they  are 
learning  to  real  K-12  classrooms.  Such  applications 
require  teachers'  creativity  and  an  understanding  of  the 
technology  that  goes  beyond  the  simple  ability  to  use  it 
for  themselves. 


How  many  ways  can  you  think  of  to  use  telecommuni- 
cations (databases,  videodiscs,  graphing  packages)  in 
your  primary  (intermediate,  middle  school,  physics, 
general  math,  biology,  English  composition)  classroom? 

Choose  one  of  the  simulations  discussed  in  class  and 
incorporate  it  into  a  lesson  or  series  of  lessons  for  your 
grade  level  or  subject  area* 

A  potential  benefit  of  exercises  of  this  type  is  that 
students  who  plan  to  teadb  a  given  subject  or  grade  level 
can  work  together  in  teams,  sharing  and  adding  to  each 
other's  ideas.  Another  possibility  is  to  put  together  teams 
of  students  from  different  backgrounds,  in  which  they  can 
help  one  another  loc*  at  assigned  tasks  fr«n  a  variety  of 
perspectives.  If  students  come  up  with  especially  good 
ideas,  they  might  distribute  copies  of  them  to  the  class  so 
that  everyone  benefits  from  their  creative  processes. 

Suggestions  for  using  a  variety  of  writmg  assignments 

1.  I>on*tsetout  to  incorporate  all  of  these  ideas  at  once. 
Start  by  trying  one  or  two  ideas  that  appeal  to  you.  As 
you  become  comfortable  with  those  that  work  for  you, 
add  more. 

2.  Clearly  relate  writing  assignments  to  course  content. 
Students  are  more  receptive  to  new  ^proaches  when 
they  understand  their  relevance  and  importance. 

3.  Try  new  writing  assignments  several  times  before 
deciding  upon  their  effectiveness.  Students  usually 
need  at  least  three  attempts  at  new  tasks  like  brain- 
stonnuig  or  simunarizing  before  they  begin  to  under- 
stand their  relevance. 

4.  All  of  the  writing  assignments  described  in  this  article 
can  be  cwnpleted  in  or  out  of  class.  In  either  case,  set 
aside  a  brief  period  of  time  for  in-class  sharing  of 
ideas  and  opinions  in  groups  of  three  to  five  students. 
Small  group  discussions  expose  students  to  new  ideas 
and  help  them  to  clarify  their  own  ideas. 

5.  Many  of  the  assignments  require  no  feedback  from  the 
instructor;  the  process  is  more  important  than  the 
product  But  for  assignments  that  do  result  in  a  product 
(lesson  plans,  unit  plans,  original  programs),  make 
sure  students  get  constructive  feedback  on  their  initial 
efforts.  At  first  feedback  will  have  to  come  from  you, 
but  the  students  themselves  can  later  be  trained  to  give 
helpful  feedback  to  one  another. 

6.  Ask  students  to  evaluate  particular  assignments  and 
the  writing  experience  as  a  whole.  Make  changes  in 
assignments  that  do  not  seem  to  be  accomplishing 
their  planned  objectives. 

7.  Write  and  publish  articles  about  assignments  that  work 
well  so  that  other  uistructors  can  experience  the 
benefit  of  your  work. 
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Infroduction 

During  the  last  decade,  more  than  two  million 
microcomputers  made  their  way  into  American 
classrooms.  The  number  of  schools  that  own 
computers  jumped  from  approximately  25  percent  in  1981 
to  virtually  100  percent  by  the  end  of  the  decade 
(Kinnaman,  1990).  According  to  one  survey  result,  more 
than  $12  billion  had  been  spent  on  computer  hardware 
and  software  for  schools  in  ten  years  (Instructor,  1991). 
This  flooding  of  software  into  schools  generated  an 
immense  interest  in  computer  aided  instruction  (CAI) 
among  educators.  The  Smart  Classroom  project  was  set 
up  in  California  (Slaughter,  1989),  the  CHILD  (Comput- 
ers Helping  Instruction  and  Learning  Development) 
project  was  de\e\oped  in  Florida  (Butzin,  1991),  and  the 
Calvert  Country  School  district  in  Maryland  claimed 
computer  aided  instruction  as  a  major  success  (Austin  and 
Howie,  1990).  While  some  researchers  were  still  sttjdying 
reasons  for  the  success  and  failure  of  technology 
(Gayeski,  1989),  more  and  more  educational  practitioners 
were  exploring  creative  ways  lo  integrate  software  into 
classroom  teaching. 

This  integration  required  the  services  of  a  large 
number  of  creative  teachers  who  were  equipped  with 
successful  educational  computing  strategies.  While 
teacher  technophobia  was  disappearing  (Instructor,  1991), 
educators  were  far  from  being  well-prepared  for  riding  on 
top  of  this  tide  of  curricular  change.  Demand  for  educa- 
tional innovators  with  computer  integration  skills  was 
expressed  as  a  call  for  new  graduate  courses  in  educa- 
tional computing.  Among  these  courses  was  Educational 
Computing  Strategies  at  Shippensburg  University  of 
Pennsylvania .  The  puqx)se  of  this  course  was  to  train 
educational  innovators  who  would  play  leading  roles  in 
exploring  educational  software  and  creatively  integrating 
it  into  schools*  curricula. 

Educational  Computing  Strategies  was  a  unique 
course  because  it  accepted  in-service  teachers  from  any 
discipline,  at  any  grade  level,  and  with  any  level  of 
computer  skill.  The  first  17  graduate  students  enroUed  in 
this  course  were  in-service  teachers  whose  teaching 
responsibilities  ranged  from  special  education  in  Chapter 
I  elementary  programs  to  computer  insUuction  at  a 
military  institution,  and  their  previous  computer  training 
ranged  from  0  to  27  computer-related  course  aedits. 

With  such  a  diverse  population  of  in-service  teachers 
in  one  class,  traditional  teacher-centered  instruction 
became  inappropriate.  There  was  no  ready-  made  strategy 
that  could  be  applicable  to  every  student.  Some  of  the 
students  were  experienced  computer  instructors  and  some 
had  never  used  database  and  spreadsheet  programs.  After 
consultation  with  the  learners,  the  writer  initiated  an 
individualized  instructional  plan  that  was  based  on  the 
needs  of  the  learners,  and  inccxporated  principles  of 
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research  and  iheory  on  adult  learning.  This  paper  reports 
this  learning  process  and  highlights  the  six  characteristics 
of  this  individualized  plan  that  the  instructor  used  in 
facilitating  her  diverse  students'  learning. 

Needs  Assessment 

If  needs  assessment  is  important  in  any  educational 
program,  it  was  absolutely  essential  in  this  course.  Qn  the 
first  day  of  the  class,  a  self-  designed  assessment  form 
was  used  to  find  out  how  many  computer  credits  these  in- 
service  teachers  had  taken,  what  those  computer-related 
courses  were,  what  software  they  had  used  before,  what 
courses  they  were  teaching,  and  how  they  were  planning 
to  use  software  in  the  near  future.  Hie  results  were 
startUng. 

Among  the  17  in-service  teachers,  4  had  more  than  20 
ccmputer  credits;  one  had  reached  27.  The  courses  they 
had  taken  had  focussed  upon  Logo,  BASIC,  Pascal, 
Fortran,  Cobal,  HyperCard,  utility  sys^^ms,  digital  design, 
hypermedia,  and  general  computer  courses.  The  group 
consisted  primarily  of  high  school  and  college  math  and 
computer  teachers. 

In  contrast  to  this  group,  the  other  13  students  had 
fewer  hours  of  training  in  computer  science,  but  had  more 
experience  using  courseware  in  classrooms.  They  were 
mostly  elementary  school  teachers.  Two  of  these  students 
didn't  have  any  computer  training,  and  the  rest  had  a 
moderate  amount  of  computer  experience.  The  average 
amount  of  previous  training  was  12.5  computer  course 
credits. 

In  accOTdance  with  past  precedent  in  the  Teacher 
Education  department  at  Shippensburg  University,  the 
instructor  had  prepared  a  syllabus  that  was  heavily  geared 
toward  the  application  of  courseware  in  the  elementary 
curriculum,  only  to  find  that  it  was  irrelevant  to  over  half 
of  the  in-service  teachers,  who  were  not  elementary 
teachers,  and  had  no  intention  of  becoming  primary-level 
teachers  in  the  near  future.  Each  was  using  different 
software  packages  (some  not  at  all),  teaching  different 
aspects  of  computing,  and  had  different  expectations  for 
the  outcomes  of  this  course.  One  set  of  courseware  that 
was  appropriate  for  one  group  was  totally  useless  for 
another  group.  Some  essential  computer  skills,  such  as 
spreadsheet  and  database  familiarity,  were  novel  for  one 
group,  but  could  bore  the  other  group  to  death.  Unable  to 
accommodate  such  diversity,  the  first  syllabus  was 
trashed. 

Individualized  Planning 

Individualized  instruction  was  the  best  way  to 
accommodate  diversity  in  this  class.  It  was,  however,  also 
one  of  the  most  difficult  teaching  strategies  to  employ,  as 
it  required  stronger  instructor  commitment,  prolonged 


preparation  time,  and  mastery  of  pedagogy.  Nevertheless, 
It  was  the  only  workable  alternative  in  the  instructor's 
opinion  at  the  time.  Fortunately,  since  the  class  was 
comprised  of  experience  teachers,  the  instructor  could 
utilize  principles  of  adult  education  which  centered  on 
students*  rich  experience  gained  through  project  woric 
(Gibb,  1970). 

The  instructor  talked  with  each  in-service  teacher  to 
explore  their  personal  interests,  computer  expertise, 
possibilities  for  workable  projects,  and  expectations  for 
course  outcomes.  She  established  a  communication  file 
for  each  student,  mapped  the  possible  scope  of  the  course 
and  wrote  down  each  mdividual's  expertise  and  needs. 
Based  on  these  infonnation,  the  second  syllabus  was 
developed. 

The  second  syllabus  was  highly  individualized.  It  was 
based  on  students*  experience  and  oriented  toward  their 
special  needs.  It  emphasized  creative  use  of  computer 
programs,  and  covered  a  much  broader  range  of  learning. 
Students  were  given  a  diagram  of  the  scope  of  the  course 
which  ranged  from  background  knowledge  in  educational 
computing,  skills  needed  to  use  integrated  software 
packages,  software  usage  and  selection,  innovative 
software  applications,  telecommunications,  courseware 
design,  integrating  computer  use  into  the  curriculum, 
enhancing  CAI  development,  and  coordinating  the  use  of 
^  CAI  systems.  Each  learner  selected  learning  goals  based 
'  upon  individual  needs  and  built  skills  successively  upon 
previous  experience. 

The  second  syllabus  required  students  to  attend  two- 
thirds  of  the  scheduled  class  periods,  so  that  the  instructor 
could  use  the  other  one-third  of  classtime  to  provide 
needed  remedial  or  enrichment  activities.  Students  were 
free  to  substitute  their  own  materials  for  the  materials 
suggested  by  the  instructor  to  meet  the  requirements  of 
the  course.  For  example,  when  evaluating  software,  each 
student  was  given  5  different  kmds  of  evaluation  forms. 
ITiey  were  required  to  fill  up  two  of  them,  preferably 
evaluating  software  that  would  be  most  useful  to  them 
with  the  forai(s)  that  would  best  serve  their  purposes.  If 
the  university's  lab  didn't  have  the  hardware  they  needed 
to  run  the  software  that  they  had  selected,  they  could  take 
the  project  home  to  finish  the  evaluation  and  use  their 
university  lab  time  to  learn  other  skills.  The  evaluation  of 
each  student's  wwk  in  the  course  was  based  on  individual 
progress  compared  with  prior  experience. 

Incorporating  Learners'  Rich  Experience 

The  in-service  teachers  who  registered  for  this  course 
were  college  computer  instructors  and  school  software 
users.  They  had  much  of  value  to  share.  For  instance,  to 
explore  current  computer  use  in  schools,  students  were 
assigned  a  brief  research  project  on  computer  usage  in 
their  own  school,  school  district,  or  college.  Each  was 
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given  a  list  of  questions  that  addressed  such  topics  as 
hardware  and  software  usage,  location  of  computers, 
instnictional  time,  and  available  training  programs.  They 
brought  back  fascinating  information  to  share  with  the 
class.  Their  research  revealed  a  huge  imbalance  in  the 
distribution  and  application  of  computers.  One  new 
elementary  school  could  not  afford  to  buy  any  computers, 
and  a  military  college  literally  had  more  computers  than 
students.  The  results  of  this  research  highlighted  many  of 
the  important  issues  that  were  discussed  later  in  the  class. 

Throughout  the  course,  the  teachers  were  invited  to 
present  their  work.  They  shared  their  self -designed  math 
courseware,  history  tutorials,  testing  iH-ograms,  and 
instructional  design  techniques.  They  brought  their 
favorite  software  to  demonstrate  in  class.  For  example, 
one  elementary  teacher  shared  ihe  Amazing  Window 
gradebook  program  in  class,  along  with  sample  printouts. 
This  put  many  self-designed  spreadsheet  gradebooks  out 
of  favor  with  her  classmates,  because  the  professionally 
designed  gradebook  was  much  more  powerful.  Her 
creative  use  of  the  Amazing  Window  program  provided 
many  new  ideas  for  others  to  use  to  improve  home- 
designed  spreadsheet  gradebooks.  In  another  example,  a 
demonstration  of  the  creative  use  of  a  remedial  program 
for  Chapter  I  students  (Master  Spell)  introduced  new 
possibilities  for  high  school  and  college  computer 
instructors.  Some  commented  that  they  did  not  realize  that 
there  were  so  many  good  software  packages  designed  for 
the  elementary  levels  and  so  many  creative  ways  of  using 
them. 

Individualized  Facilitation 

Due  to  the  variation  of  computer  brands  purchased  for 
schools,  in-service  teachers  used  different  integrated 
software  packages  for  their  classwork.  For  example,  most 
high  school  and  college  teachers  in  the  class  used  IBM  or 
IBM  compatible  machines,  hence,  Microsoft  Works, 
WordPerfect,  dBase  IV,  and  Lotus  1-2-3]  whereas  most 
elementary  teachers  in  the  class  didn*t  want  to  have 
anything  to  do  with  IBM  hardware  or  software,  because 
the  only  available  computers  to  them  were  Apples.  If  they 
wanted  to  learn  new  programs  they  wanted  to  use  the 
Writing  Center,  or  Microsoft  Works  on  the  Macintosh. 
Some  wanted  to  learn  to  use  the  database  and  spreadsheet 
in  AppleWorks. 

Educational  Computing  Strategies  was  a  class  in 
which  students  developed  creative  ways  of  using  soft- 
ware. It  was  not  a  hands-on  training  in  basic  skills;  most 
of  the  students  had  aheady  attained  that  level  of  computer 
competency.  But  for  those  who  hadn*t  learned  to  use,  for 
example,  databases  and  spreadsheets,  their  creativity  in 
software  integration  would  have  been  greatly  limited  by  a 
lack  of  familiarity  with  some  application  types.  To  this 
end,  the  instructor  condensed  the  AppleWorks  introduc- 


tion into  a  printed  manual  that  took  3  hours  for  students  to 
complete  and  provided  a  remedial  course  for  those  in 
need  of  database  and  spreadsheet  skills.  For  students  who 
needed  graphics  and  desktop  publication  skills,  the 
Writing  Center  was  introduced.  Every  student  was 
provided  with  a  code  that  allowed  acce^is  to  the 
university's  telecommunications  system.  Special  time  was 
set  aside  for  those  who  wanted  to  learn  Microsoft  Works 
and  have  some  mainframe  experience.  In  spite  of  these 
remedial  and  enrichment  programs,  the  emphasis  of  the 
course  remained  upon  creative  use,  selection,  and 
development  of  software  to  integrate  into  the  K-12 
curriculum. 

EmptKisizing  ThaniM  and  Outcomes 

Educational  software  is  a  late  20th  century  invention. 
Through  its  growth  has  been  rapid,  educational  software 
is  meaningful  only  when  it  can  increase  productive 
learning.  This  phenomenon  depends  largely  upon  the 
willingness  and  creativity  of  the  teachers  who  use  it. 
Educational  software  is  only  as  effective  as  the  pedagogic 
creativity  of  the  teachers  who  use  it. 

The  in-service  teachers  in  the  Shippensburg  course 
will  play  a  leading  role  in  integrating  software  use  into  the 
curriculum  at  their  institutions  or  school  districts.  As  there 
were  few  rules  in  the  course  design  to  restrict  the  nature 
of  their  innovations,  they  were  encouraged  to  explore  all 
possibilities.  The  only  requirements  for  their  final  project 
were  that  it  had  to  represent  an  improvement  upon  their 
teaching,  and  it  had  to  be  relevant  to  the  curriculum  that 
they  wree  responsible  for  teaching.  The  creativity 
demonstrated  at  the  course  was  boundless. 

The  in-class  presentation  of  the  final  projects  was  the 
highlight  of  the  course.  They  included  Logo  in  the  Math 
curriculuni,  spreadsheet  use  in  Consumer  Math,  a  self- 
designed  authoring  language,  adapting  spelling  program 
to  accommodate  remedial  students,  self-designed  history 
programs,  an  examination  of  computer  roles  in  whole 
language  methods,  a  grant  proposal  to  obtain  hardware 
and  calculus  courseware,  and  a  long  range  technology 
plan  for  an  elementary  school. 

Evaluation  on  Individual  Learning  Process 

The  students  were  evaluated  based  upon  the  individual 
advancement  of  their  learning.  Evaluation  procedures 
consisted  of  a  written  test,  class  activities,  and  a  final 
project.  The  students  with  fewer  computer  credits  were 
not  necessarily  put  in  a  disadvantaged  position.  The 
written  test  put  more  emphasis  upon  essential  computer 
terms  and  CAI  strategies  than  upon  sophisticated  com- 
puter terminology.  Anyone  in  the  class  who  had  read  the 
textbook  thoroughly  was  able  to  score  80%  or  above  on 
the  test.  Classroom  activities  such  as  research  reports, 
CAI  teaching  plans,  creative  products,  software  evalua- 
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tions,  and  final  projects  were  assigned  point  totals.  The 
student-designol  applications  and  final  projects  out- 
weighed the  written  test  in  determining  final  grades. 
When  evaluating  final  projects,  the  instructor  gave  great 
consideration  to  where  each  student  started,  how  much 
each  had  accomplished  during  the  course,  and  the  quality 
of  the  final  product. 

Discussion 

Individualized  instruction  is  no  easy  commitment,  as  it 
requires  substantially  more  time  and  effort.  For  example, 
if  an  instructor  is  going  to  explain  CAI  trategies  using  a 
tmditional  method,  s/he  niay  go  through  a  group  of 
software  programs,  pick  out  a  few  of  them  that  represent 
different  modes  of  instruction,  and  demonstrate  them  to 
the  class,  but  if  s/he  is  open  to  software  used  at  all  grades 
and  all  disciplines,  s/he  has  to  go  through  hundreds  of 
software  programs  and  still  feels  insufficienUy  prepared. 
By  the  same  token,  if  s/he  is  to  explain  the  instructional 
design  of  software  to  a  traditionally-taught  class,  s/he  may 
select  one  or  two  representative  pieces  of  software  and 
demonstrate  them  in  the  class.  With  individualized 
instruction,  however,  s/he  must  prepare  for  all  kinds  of 
challenges  and  be  ready  to  learn  from  her  students. 

Individualized  instruction  turns  the  traditional  teacher- 
centered  classroom  into  a  student-centered  learning 
environment.  It  will  make  some  teachers  very  uncomfort- 
able, because  it  is  indeed  challenging  and  time-consum- 
ing. Nevertheless,  teachers  who  truly  value  each  student's 
uniqueness  and  experience  should  give  it  a  try  when 
necessary.  It  has  been  a  truly  rewarding  experience  to 
both  students  and  the  instmctor  in  this  course. 

Individualized  instruction  is  rewarding  to  the  students 
because  it  allows  them  to  express  their  aeativity  without 
hindrance.  It  centers  upon  their  needs,  incorpomtes  their 
past  experience  into  their  present  learning,  tailMs  out- 
come objectives  according  to  their  future  work,  alid 
evaluates  their  achievement  based  upon  individual 
progress.  Students  feel  respected  and  hence  are  more 
likely  to  be  actively  involved  in  the  learning  process. 
Individualized  instruction  is  rewarding  to  the  instructor 
because  it  provides  great  learning  opportunities.  Many 
educator-turned-  computer-practitioners  have  a  hard  time 
catching  up  with  the  latest  developments  in  technology 
aiKi  school  curriculiun  reform.  Learning  from  in-service 
teachers  is  a  wonderful  way  to  stay  cun  ent  and  connected. 
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What  Hoppenod  to  \t\9  Videodisc? 

It  seems  that  just  a  few  years  ago,  interactive  videodisc 
technology  was  the  ultimate  in  hyper/multimedia 
technology.  Yet,  in  the  articles  written  for  this 
Annual,  scant  mention  is  made  of  videodisc  technology. 
Not  that  the  authors  are  suggesting  that  we  abandon  the 
use  of  videodiscs,  but  it  appears  that  the  technology  has 
become  accepted  as  an  integral  part  of  technology-using 
educators.  To  this,  we  must  say  *Bravo' .  Rarely  has  a 
technology  become  so  incorporated  into  the  curriculum  so 
quickly  as  to  become  almost  invisible,  much  like  the 
textbook  or  the  overhead  projector  or  even  the  computer. 
Most  of  us  would  not  think  of  teaching  today  without  the 
use  of  educational  technology  and  it  aH>ears  that  video- 
disc technology  has  become  an  accepted  addition  to  the 
classroom. 

The  acceptance  of  this  technology  in  a  relatively  short 
period  of  time  makes  the  articles  for  this  Annual  much 
more  meaningful.  Which  of  the  innovations  covered  in 
these  articles  will  become  another  educational  tool  which 
is  seamlessly  iiKorporated  into  the  curriculum?  Which 
will  become  merely  passing  phases  which  we  will  learn 
from,  adapt,  and  improve  upon?  If  someone  had  men* 
tioned  five  years  ago,  that  videodisc  technology  would 
become  an  accepted  part  of  our  curriculum  (look,  for 
example,  at  Florida's  outstanding  record  of  providing 
each  school  in  the  state  with  videodisc  equipment),  would 
we  have  considered  this  wishful  thinking  or  would  we 
have  started  to  develop  curriculum  which  could  make  full 
use  of  this  equipment?  The  questions  raised  and  solutions 
offered  in  this  series  of  ailicles  may  sound  like  wishful 
thinking  to  some,  but  in  each  case,  raise  a  number  of 
possibilities  and  a  great  deal  of  potential. 

Anderson  and  Howard  explore  the  use  of  QuickTime 
and  HyperCard  to  develop  materials  utilized  in  an  early 
childliood  special  education  course  on  the  theory  and 
instmction  of  language.  The  emphasis  is  on  the  impor- 
tance of  modeling  computer  use  by  educators  in  higher 
education  and  the  integration  of  technology  into  the 
classroom.  Brasweil  and  Brown  discuss  the  use  of  CD- 
ROM  technology  in  the  classroom,  focusing  on  exem- 
plary CD-ROM  products  which  demonstrate  both 
excellence  in  design  and  in  potential  for  classroom  use. 
Jafari  discusses  the  need  of  a  new  type  of  technology 
system,  the  Human  Technology  Interface,  which  will 
simplify  the  use  of  technology  in  the  classroom.  Javetz 
examines  tie  benefits  and  problems  inherent  in  training 
teachers  to  'jecome  hypermedia  authors  and  offers 
suggestions  for  the  study  of  such  training.  Kearney 
provides  two  powerful  articles.  The  first  article  discusses 
the  potential  for  the  use  of  multimedia  m  the  marketing  of 
schools  and  provides  excellent  examples  of  how  one 
school  system  is  utilizing  this  technology  to  provide 
information  about  their  magnet  schools.  The  second 
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article  revolves  around  the  potential  for  the  use  of  virtual 
reality  in  the  San  Diego  school  systems.  This  article 
provides  a  much  needed  overview  of  a  real-life  experi- 
ence with  the  use  of  virtual  reality  in  the  schools.  Ritchie 
and  Stoilcnwerk  hark  back  to  an  much  underutilized 
technology  available  in  most  schools  today:  the  VCR. 
This  article  reminds  us  that  one  does  not  need  to  have  the 
most  expensive  nor  the  latest  in  technology  to  provide 
powerful  learning  experiences  for  our  students.  Sridhar 
and  Levin  return  us  to  the  world  of  QuickTime  applica- 
tions with  a  look  at  the  use  of  QuickTime  video  to 
demonstrate  information  which  would  have  only  recently 
been  rarely  taught  utilizmg  any  type  of  technology. 
Swartz  reminds  us  that  the  days  of  the  chalkboard  may 
soon  be  surpassed  through  the  use  and  benefits  of  a 
multiscreen  classroom.  Their  potential  for  use  in  assisting 
teacher-student  interaction  should  not  be  overlooked. 
Bedhar,  Ryan  and  Sweeder  have  investigated  and  propose 
an  increased  use  in  iepartmenlal  collaboration  in  the  use 
of  technology  to  enhance  the  effectiveness  of  the  student 
teacher  practicum.  Their  overview  of  the  process  needed 
to  develop  materials  to  be  used  by  the  student  teachers 
should  prove  valuable  to  other  educators.  Finally,  Vess 
and  Alexander  utilize  a  relatively  new  technology  (the 
PhotoCD)  in  order  to  provide  a  much  needed  service  for 
the  students  on  their  campus.  It  is  this  type  of  forward 
thinkmg  which  provides  much  excitement  for  the  utiliza- 
tion of  technology  in  education  today. 

Rarely  have  I  seen  such  a  diverse  group  of  articles 
which  incorporate  one  theme:  the  use  of  technology,  m  its 
many  forms,  is  continuing  to  grow,  adapt  and  provide 
tools  which  we,  as  educators,  wUl  be  using  far  mto  the 
future.  The  potential  is  oms  to  use! 
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While  innovative  technology  has  drastically 
changed  the  world  of  v/otk,  the  same  techno! 
ogy  has  had  little  widespread  effect  upon  the 
field  of  education.  In  1962,  Rogers  noted  that  educational 
innovations  of  any  kind  lagged  about  25  years  behind 
educational  research  that  identifies  successful  educational 
practices.  This  delayed  response  phenomenon  seems  to 
hold  true  for  computes  in  education,  particularly  in 
higher  education  (Nicklin,  1992).  Researchers  have 
suggested  that,  under  certain  conditions,  computer 
technology  can  increase  learning  efficiency,  can  serve  as  a 
motivational  factor  for  students,  and  is  especially  effec- 
tive for  at-risk  and  special  education  students  (Bangert- 
Drowns,  1985;  Hemian,  1988;  Bialo  &  Sivin,  1990). 

Before  educators  can  envision  the  link  between  their 
curriculum  area  and  the  computer  as  a  single  educational 
tool  for  the  informational  age,  leaders  of  curriculum  areas 
must  be  assured  that  technology  can  make  a  difference  for 
their  students  (Mecklenburger,  1988)*  Curriculum  leaders 
must  also  demonstrate  that  technology  can  be  used  "to 
improve  the  quality  of  the  curriculum"  O:.evinson,  1990, 
p.  125).  However,  few  attempts  have  been  made  to 
evaluate  the  relationship  between  curriculum  in  higher 
education  and  computers  used  for  delivery  of  that 
curriculum.  Moreover,  it  is  especially  imperative  that 
classes  taught  to  pre-service  teachers  model  the  use  of 
technology  in  curriculum  delivery.  According  to  Kendall- 
Mitchell  (1991),  "The  domains  of  curriculum  and 
instruction  must  be  intermingled  in  order  to  promote  an 
information  age  learning  environment  for  students.  This  is 
a  real  departure  from  the  uaditional  faculty  developntent 
program  which  specializes  in  instructional  strategies 
only*' (p.  7). 

The  need  to  have  college  professors  teach  and  model 
the  use  of  techiwlogy  in  delivery  of  their  curriculum  was 
made  clear  in  recent  unpublished  manuscript  (Zilar, 
1992). 

1  think  [students]  in  teacher  training  programs  do  need 
to  have  computer  experience  in  order  to  qualify  for 
graduation,  but  these  same  teacher  trainees  need  to  be 
shown  by  their  own  role  models  [college  professors]  how 
computers  will  help  them  within  their  primary  endorse- 
ment areas.  My  own  experience  would  attest  to  this.  I  was 
able  to  find  only  one  professor  in  my  academic  major 
during  my  undergraduate  career  who  knew  anything 
about  what  computers  could  do  for  me  in  the  physical 
education  field.  The  other  physical  education  teachers 
were  just  as  illiterate  about  computers  as  1. 1  later  found 
that  my  friends  in  the  other  departments  had  sunilar 
experiences  with  their  professors. 

A  report  from  members  of  an  American  Association 
for  Colleges  of  Teacher  Education  (AACTE)  task  force 
on  technology  made  10  reconunendations  for  Dean  of 
Schools  of  EklucaUon  (Uhlig  &  Tucker,  1988).  Among 
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these  recommendations  were  two  that  are  especially 
relevant  to  the  present  project  Ihe  task  force  wrote, 
••Infonnation  technology  is  a  critical  resource  in  the 
effective  delivery  of  instniction...[because]  how  infonna- 
tion is  accessed,  managed,  evaluated,  and  reported  will  be 
increasingly  more  important  to  effective  learners"  (p.  6). 
A  second  consideration  related  to  the  responsibility  of 
individual  professors  to  remain  continuously  informed 
about  new  products  in  technology,  rejecting  innovations 
only  when  they  have  developed  a  sound  basis  for  under- 
standing technology. 

Integration  Developnnent  Process 

At  Gonzaga  University,  two  professors,  seeing  the 
potential  for  sharing  expertise,  agreed  to  team  teach  an 
early  childhood  special  education  course  on  the  theory 
and  instruction  of  language.  The  goal  was  to  team  teach 
the  course  the  first  semester,  and  thereafter,  the  special 
education  professor  would  have  learned  the  skills  neces- 
sary to  integrate  technology  into  her  course  indepen- 
dently—hence freeing  the  cOTiputer  professor  to  team 
teach  courses  with  other  faculty  in  the  School  of  Educa- 
tion to  achieve  the  same  goal. 

Attending  a  one  day  planning  retreat  several  months 
prior  to  the  course  initiation,  provided  the  basis  for 
exploration  of  optimal  merging  of  the  technologies. 
During  the  planning  discussion,  the  Language  professor 
described  major  student  objectives  of  the  course  in  terms 
of  knowledge  base  and  practical  applications.  While  not 
attempting  in  any  way  to  master  the  core  content,  the 
technology  professor  sought  to  understand  the  principles 
of  the  course  well  enough  to  pair  these  principles  and 
student  expectations  with  current  technology.  The  two 
brainstormed,  questioned,  refined,  and  revised  the  scope 
of  the  project.  As  the  direction  of  the  course  activities 
became  clear,  it  speared  that  an  interactive  data  base 
would  be  most  appropriate  for  the  students  to  learn  and 
apply  the  major  content  of  the  course.  HyperCard 
software  was  chosen  to  construct  the  data  base.  Moreover, 
as  the  technology  professor  described  the  evolving 
potential  of  Quicktime,  it  was  detennined  that  this 
software  would  provide  students  a  way  of  making  their 
language  projects  "come  alive"  by  inserting  into  the 
Hyp^ard  stack  real  footage  of  children  communicating. 

Once  the  technology  was  chosen,  the  next  step  was  to 
plan  how  the  curriculum  would  be  utilized  within  the 
software.  Ihe  project  would  require  students  to  move 
through  several  stages,  gradually  building  the  substance 
of  their  data-base.  The  framework  for  the  HyperCard 
stacks  which  would  be  used  to  build  student  programs 
was  m^pcd  out  on  paper,  and  then  a  template  was 
created  for  \i\f:  course.  (See  Fig.  1)  A  pilot  of  the  project 
'^^'*s  conducted  before  the  course  began.  One  student  went 
iiirough  the  program,  learning  HyperCard  as  well  as 


entering  data  based  upon  knowledge  from  the  course  text. 
As  she  went  through  the  program  she  provided  ongoing 
feedback  on  the  structure  and  content  of  the  template  as 
well  as  the  legitimacy  of  the  learning  process. 

The  course  syllabus  offered  a  calendar  for  presentation 
which  was  loosely  structured,  since  the  amount  of  time 
which  would  be  required  to  teach  the  course  content  and 
the  computer  components  together  was  unknown. 
Designed  to  teach  students  in  a  step  by  step  process, 
course  content  was  presented  in  a  traditional  format  by 
the  language  professor  first  —  followed  by  instruction  in 
the  computer  lab  by  the  technology  professor  to  demon- 
strate the  mannar  in  which  the  content  would  be  applied. 
Practice  on  the  technology  with  assistance  by  both 
professors  ensued.  The  remainder  of  the  project  followed 
in  a  similar  manner  (lecture — computer  instruction — 
practice),  throughout  the  remainder  of  the  course. 

Description  of  Project 

An  early  childhood  special  education  course  in 
Language  and  Communication  served  as  the  forum  for 
integration  of  electronic  technology.  The  goal  of  this 
course  was  to  prepare  preschool  educators  to  design  and 
implement  programs  to  enhance  language  development  of 
young  children  with  disabilities.  This  course  had  histori- 
cally been  taught  through  traditional  methods  including 
lecture,  in  class  simulations,  frequent  quizzing  and  an 
associated  practicum.  A  textbook  by  McCormick  and 
Schiefelbusch  (Early  Language  Intervention,  1990) 
provided  the  course  content.  This  content  was  viewed  by 
students  as  being  conceptually  difficult,  and  attempts  at 
direct  application  of  content  to  previous  practicum 
projects  revealed  that  student's  lacked  confidence  (and 
skill)  in  decision  making.  In  fact,  it  seemed  that  a  niajor 
portion  of  the  course  content  could  be  viewed  as  a 
multistage  process  of  decision  making — perfecUy 
amenable  to  H:'^)erCard's  structure.  Furthermore,  ihe 
ability  to  integrate  Quicktime  meant  that  the  focus  of  the 
course,  i.e.,  children's  language,  could  be  illustrated  along 
with  the  process. 

Based  upon  the  above  rationale,  the  objectives  for  the 
integrated  course  were:  1)  to  have  students  demonstrate 
knowledge  of  tiie  course  content;  2)  to  apply  the  knowl- 
edge base  to  a  "real  life"  problem;  and  3)  to  use  technol- 
ogy to  create  a  usable  future  data  base  and  to  make  the 
course  content  dynamic.  The  following  is  a  description  of 
the  major  course  components,  and  how  they  fit  together. 

Initial  understanding  of  normal  language  development 
is  a  prerequisite  to  being  able  to  evaluate  children's 
linguistic  competence;  to  know  if  and  how  much  a  child's 
language  is  delayed;  and  finally  to  be  able  to  determine 
what  skills  would  a^Jropriately  be  targeted  for  instruc- 
tion. Hence,  the  students'  first  task  was  to  develop  a 
Glossary  (first  two  cards  in  the  HyperCard  stack.  Fig.  1) 
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Figure  1.  Sample  of  Language  Stack  In  HyperCArd 
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which  defined  the  nonnal  linguistic  skills  of  children  at 
each  stage  of  development  from  birth  to  age  five.  After 
the  glossary  was  completed,  students  could  press  a 
"button"  for  any  age,  and  be  reminded  of  the  expected 
abilities  of  children.  For  example,  by  pressing  **2 
months,"  students  would  find  that  an  infant  would  have 
differentiated  crying,  smiles,  quiets  when  held,  shows 
recognition  of  mother,  and  so  on. 

All  students  were  assigned  a  preschool  age  child  who 
had  a  language  delay  to  serve  as  the  basis  for  their  project. 
Once  the  glossary  was  completed,  the  students  entered 
observational  data  for  the  child  Assessment  section  (cards 
3, 4,  and  5,  Fig.  1)  of  the  HyperCard  stack.  The  child 
assessment  was  divided  into  several  components  of 
language,  and  students  were  expected  to  be  able  to 
provide  a  comprehensive  description  of  their  child's 
verbal  and  nonverbal  language  skills.  These  data  were 
gathered  through  multiple  observations  of  the  child  in  the 
home.  MOTeover,  students  simultaneously  collected 
samples  of  children's  language  skills  on  videotape.  This 
videotape  was  reviewed  to  isolate  illustrative  samples  of 
each  child's  language  abilities.  Snippets  of  the  videotape 
were  then  entered  into  the  HyperCard  stack  as  QuickTime 
movies. 

Once  children's  present  levels  of  language  were 
entered,  students  needed  to  be  able  to  identify  what 
language  targets  would  be  appropriate  for  instruction. 
Instructional  Objectives  (card  7,  Fig.  1)  were  then  written 
in  the  HyperCard  stack  for  each  of  the  areas  of  language 
assessed.  Objectives  for  a  particular  linguistic  area  (e.g., 
articulation  of  the  sounds  of  language)  were  directly 
linked  to  die  assessment  cards  for  that  area  through  the 
use  of  buttons,  so  tiiat  die  students  could  move  through 
tiie  stack  in  logical  progression. 

Finally,  students'  needed  to  complete  the  process  by 
identifying  appropriate  Intervention  methods  (cards  8, 9, 
and  10,  Fig.  1)  which  might  be  used  to  teach  aforemen- 


tioned objectives.  The  intervention  strategies  were 
designed  students  by  using  curriculum  content,  and 
included  scripting  of  teaching  methods,  materials, 
reinfoicers,  correction  procedures,  and  data  management. 
Again,  intervention  protocols  were  linked  to  tiieir 
respective  objectives  in  odier  parts  of  the  HyperCard 
stack  through  buttons  (Fig.  2). 

Integration  of  Technology 

The  process  of  integrating  tiie  knowledge  base 
tiirough  tiie  computer  project  involves  several  steps.  First, 
students  needed  to  develop  an  understanding  of  the 
terminology  and  principles  presented  in  the  text.  To 
accomplish  tiiis,  traditional  procedures  were  used  to 
introduce  content  before  each  stage  of  application. 
Additionally,  a  comprehensive  set  of  study  questions 
accompanied  tiie  required  reading  from  tht  text.  Students 
were  required  to  complete  the  study  questions  for 
submission,  along  witii  tiie  completed  ccMnputer  project. 
Electronic  technology,  which  included  use  of  Macintosh 
computers,  video  recorders,  and  HyperCard,  Adobe 
Illustrator,  and  Quicktime  software  was  taught  in  stages, 
as  die  need  to  implement  the  technology  arose  throughout 
tiie  course.  Always,  tiiese  electronic  applications  were 
taught  while  simultaneously  illustrating  utility  to  tiie 
Language  Project  —  never  in  isolation.  For  example, 
HyperCard  was  introduced  first  in  two  one-hour  sessions, 
as  students  began  to  develop  tiie  glossary.  Finally, 
students  were  able  to  build  a  comprehensive  illustrated 
data  base  on  tiie  computer  by  combining  tiie  aforemen- 
tioned knowledge  base  in  language,  witii  tiieir  new  skills 
in  computer  application. 

Project  Outcomes 

Teaching  two  sets  of  skills  togetiier,  as  in  tiiis  project 
(language  intervention  for  young  children  and  electronic 
technology),  illustrated  tiie  efficiency  of  integrated 
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Figure  2.  Relortionship  between  major  components  of  HyperCard  stack. 
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instruction  of  technology.  The  project  described  above 
yielded  information  which  might  be  used  to  make 
decisions  regarding  future  use.  Learning  to  apply  course 
content  from  the  language  class  and  concomitantly 
mastering  complex  computer  software  for  educational 
purposes  were  the  obvious  immediate  benefits  of  the 
collaborative  effort  Evaluation  of  student  programs 
revealed  that  they  had  learned  to  utilize  the  major 
Language  intervention  techniques  with  greater  generality 
and  confidence  than  that  of  students  from  past  Language 
classes.  Moreover,  students  learned  to  use  the  computer 
systems  with  relatively  little  additional  effort,  beyond  that 
required  to  leam  the  course  content.  Thus,  teaching  both 
skills  concurrently  increased  the  functionality  and 
efficiency  of  the  course. 

Likewise,  longitudinal  benefits  are  likely  to  accrue 
from  teaching  this  course  in  the  manner  described.  First, 
the  data  base  created  by  students  in  the  present  course 
represents  the  beginning  of  a  comprehensive  bank  of 
knowledge  which  will  be  added  to  by  each  subsequent 
group  of  students.  This  data  base  can  be  easily  transferred 
to  the  students,  so  that  they  will  leave  the  course  with 
multiple  examples  of  child  language  assessment,  and 
probable  intervention  strategies  which  might  be  adapted 
for  children  with  similar  linguistic  needs.  A  second  direct 
outcome  has  been  the  transference  of  computer  technol- 
ogy to  other  courses.  For  example,  the  non-computer 
professor  was  able  to  teach  students  in  a  second  special 
education  course  to  use  HyperCard  to  create  multi-stage 
decision  making  programs.  This  transference  of  computer 
technology  illustrates  the  potential  "snowball"  effect  of 
integrating  computer  technology  into  higher  education 
courses. 

While  overall  positively  evaluated,  the  project 
described  herein  also  revealed  weaknesses  in  planning 
which  might  be  avoided  by  the  authors  in  hindsight  The 
following  recommendations  are  a  result  of  post  hoc 
analysis  of  the  project. 

L  In  the  present  project,  students  were  required  to  turn  in 
the  entire  project  at  the  end  of  the  course,  with  only 
one  opportunity  for  formal  feedback.  Frustration  from 
lack  of  feedback,  and  student  procrastination  resulted. 
The  latter  was  especially  problematic  when  students 
failed  to  apply  computer  skills  immediately,  and  often 
required  reteaching  of  skills.  To  avoid  such  i»-oblems, 
completion  of  subcomponents  should  be  scheduled  on 
a  weekly  basis. 

2.  Students  revealed  that  they  had  not  solidly  mastered 
the  course  content  before  being  asked  to  apply 
knowledge  to  their  projects.  In  some  way,  it  may  be 
necessary  to  evaluate  the  status  of  students'  mastery  of 
content  (e.g.,  quizzes,  written  applications,  or  discus- 
sion of  study  questions)  before  expecting  application. 

3.  Because  this  was  a  massive  project,  involving  stacks 


of  75-100  cards,  students  indicated  that  they  could  not 
visualize  the  **big  picture"  until  well  into  the  project. 
Hence,  providing  a  sample  ccnnpleted  stack,  both  on 
the  ccsiputer  as  well  as  hard  copy,  would  have  given 
stif  jents  a  greater  sense  of  direction. 
4.  It  may  be  that  extended  class  time  should  be  built  into 
courses  to  accommodate  students*  needs  for  computer 
troubleshooting.  For  example,  a  one  hour  per  week  lab 
might  be  set  aside  for  students  to  access  expert 
assistance  on  ccwiputer  applications,  with  traditional 
class  time  reserved  for  concentration  on  course 
content. 

Future  Directior^ 

While  this  course  served  as  pilot  for  integrated  courses 
in  higher  education,  it  set  the  occasion  for  immediate 
replication.  Other  faculty,  observing  the  immediate  and 
spin-off  benefits  of  Language-Computers  project,  have 
already  requested  the  opportunity  for  future  assistance. 
For  this  course  and  others  that  follow,  improved  computer 
enhancement  systems  will  be  explored.  For  example,  it 
became  clear  early  that  the  video  clips  of  young  children 
which  were  inserted  into  HyperCard  through  Quicktime 
would  require  so  much  memory  that  they  would  not  be 
practical.  Moreover,  very  expensive  and  sophisticated 
computer  hardware  is  required  to  create  and  run  such  an 
integrated  program — vol  commonly  found  in  schools 
today.  In  fact,  the  time  required  to  leam  to  use  Quicktime, 
as  compared  to  the  functional  utility  of  the  program 
rendered  the  video  clips  little  more  than  divergent 
ginunick.  A  more  promising  avenue  for  merging  comput- 
ers with  video  technology  is  to  integrate  HyperCard  with 
laser  disc  systems.  The  prospect  of  such  improvements  to 
integrated  courses  increases  the  likelihood  that  students 
will  become  proficient  learners  of  both  academic  course 
content  and  computer  application. 
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Incorporating  CD-ROM 
technology  Into  the 
curriculum 

Ray  Braswell 
Auburn  University  at  Montgomery 

Jennifer  Brown 
Auburn  Univesity  at  Montgomery 


Date:  1966 

Location:  Any  elementary  school,  USA 
Subject:  Pat,  a  typical  elementary  school  student 
Assignment:  Report  on  the  digestive  system 

Pat,  along  with  the  other  students  in  the  class,  is 
escorted  to  the  library.  Rushing  to  the  one  set  of  World 
Book  encyclopedia,  Pat  grabs  the  D  encyclopedia. 
Looking  up  'digestive  system*,  he  begins  to  copy  the  first 
sentences  onto  his  notebook  paper.  "This'll  be  a  great 
report!",  Pat  comments  to  his  seatmate  and  continues  to 
copy  the  infcmnation  from  the  encyclopedia.  When  he  has 
finished,  Pat  goes  home  and  neatly  re-writes  the  report  he 
has  copied  from  the  encyclopedia.  As  an  added  touch  (and 
using  20  of  the  64  colors  in  his  crayon  box),  Pat  draws  an 
intricate  labeled  diagram  of  the  stomach  and  its  parts. 
"This*ll  be  an  A  for  sure!" 


Date:  1993 

Location:  Any  elementary  school,  USA 
Subject:  Mary,  a  typical  elementary  school  student 
Assignment:  Report  on  the  digestive  system 

Mary,  along  with  the  other  students  in  the  class,  is 
escorted  to  the  Media  Center.  Rushing  to  the  one  set  of 
World  Book  encyclopedia,  Mary  grabs  the  D  encyclope- 
dia. Looking  up  'digestive  system*,  she  begins  to  copy  the 
first  sentences  onto  her  notebook  paper.  *ThisMl  be  a 
great  report!",  Mary  comments  to  her  seatmate  and 
continues  to  copy  the  information  from  the  encyclopedia. 
When  she  has  finished,  Mary  goes  to  the  computer  lab 
and  neatly  word  processes  (he  report  she  has  copied  from 
the  encyclopedia.  As  an  added  touch  (and  using  the  hand 
scanner  located  in  the  lab),  Pat  scans  an  intricate  labeled 
diagram  of  the  digestive  system  and  its  parts.  **This*ll  be 
an  A  for  sure!" 


A  New  Beginning 

As  recenUy  as  1989,  CD-ROM  technology  was  being 
touted  as  having  "its  greatest  potential  in  library  media 
centers  when  students  are  seeking  printed  information" 
(Langhome,  Donham,  Gross,  Rehmke,  1989,  p.  191).  The 
limitations  of  having  a  medium  primarily  dedicated  to 
'written  text*  were  offered  as  reasons  for  basing  CD- 
ROM  in  the  media  area  However,  in  a  span  of  only  a  few 
years,  CD-ROM  technology  has  developed  and  is 
continuing  to  develop  into  a  tool  which  should  be 
integrated  into  the  classroom,  both  as  a  resource  and  as  a 
teaching  tool.  Just  as  many  advocates  of  educational 
technology  are  recommending  removing  computers  from 
one  centralized  lab,  CD-ROM  technology  should  be 
available,  not  only  in  the  school  media  center,  but  for  use 
in  the  classroom.  The  variety  of  subjects  available  in  CD- 
ROM  format  and  the  continued  improvement  of  the 
interface  between  user  and  information  mandates  that  we» 
as  educators,  investigate  the  use  of  (his  technology  in  our 
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classes.  This  article  will  focus  on  three  exemplary  CD- 
ROMs  and  the  benefits  and  potential  inherent  in  each. 

The  Ne^f  Grolier  Multimedia  Encyclopedia  provides  a 
basis  from  which  to  examine  CD-ROM.  An  entire  set  of 
encyclopedia  are  contained  on  one  CD-ROM.  The 
combination  of  text,  pictures,  sound  and  QuickTime 
movies  provide  a  valuable  resource  for  use  in  the  class- 
room. Information  can  be  located  through  the  use  of 
keywords,  which  provides  for  an  exhaustive  search  of  the 
entire  encyclopedia.  Therefore,  when  a  student  is  looking 
for  ^astronauts',  not  only  will  the  main  article  about 
astronauts  will  be  retrieved,  but  any  article  which  contains 
the  word  ^astronaut*  can  also  be  viewed.  (Jhe  days  of 
using  only  one  encyclopedia  can  now  be  in  the  past. 
However,  this  still  may  not  end  the  days  of  students 
copying  the  opening  paragraj^s  of  an  article.  Some  things 
may  never  change!)  The  ability  to  conduct  Boolean 
searches  (utilizing  deluniters  such  as  and,  or  and  with) 
also  mcreases  the  potential  usefulness  of  this  CD-ROM. 

This  upgraded  edition  of  the  Grolier' s  encyclopedia  is 
further  enhanced  through  the  use  of  QuickTime  movies  to 
display  information.  In  addition  to  sound  (such  as  a 
section  of  Martin  Luther  King's  i  have  a  dream'  speech 
and  musical  instruments)  and  illustrations  (various  maps, 
photographs,  and  graphics),  the  user  has  video  sequences 
available.  This  combination  of  articles,  images,  maps, 
graphics,  sound,  music,  speech,  charts  and  diagrams  in 
conjunction  with  QuickTime  video  images  provides  a 
most  beneficial  tool  for  use  in  the  classroom.  Any 
educator  who  utilizes  encyclopedia  as  part  of  their 
student's  research  tools  and  those  who  have  previously 
regarded  the  encyclopedia  as  a  *grab  a  book  and  copy  a 
paragraph  or  tool'  type  tool  should  definitely  investigate 
the  power  and  the  potential  for  this  tool.  Note:  A  similar 
CD-ROM,  Compton*s  MultiMedia  Encyclopedia,  is  also 
available.  The  Grolier' s  CD-ROM,  however,  is  often 
packaged  as  a  bundle  with  the  purchase  of  a  CD-ROM 
player. 

If  you  are  looking  for  a  CD-ROM  that  is  both  educa- 
tional and  fun,  Just  Grandma  and  Me  will  fit  the  bill.  One 
of  the  first  of  a  series  of  Living  Books  from  Br0derbund, 
Just  Grandma  and  Me  is  based  upon  the  Little  Critter 
story  frcMn  Mercer  Mayer.  Not  only  can  the  student  have 
the  story  read  to  them  (in  either  English,  Spanish  or 
Japanese),  but  the  student  can  interact  with  the  story. 
Click  on  Little  Critter  or  (jrandma  and  watch  what 
happens.  Click  on  the  mailbox  and  see  what  jumps  out. 
As  the  story  progresses,  the  characters  in  the  book  are 
^animated'  and  the  action  follows  along  with  the  storyline 
of  the  book.  If  it's  too  windy  in  the  story,  watch  Little 
Critter  blown  away  with  the  umbielia.  There  are  only  two 
drawbacks  to  the  product:  First,  it  takes  approxunalely  ten 
seconds  to  turn  each  page  of  the  book.  This  is  due  to  the 
enormous  amount  of  material  being  loaded  from  the  CD- 


ROM.  (It  may  also  be  due  to  the  fact  that  I  have  one  of 
the  slowest  CD-ROM  players  in  the  world!)  Children  do 
not  seem  to  find  this  distracting,  however-  especially 
since  the  actual  book  is  in  the  package.  Secondly,  you  my 
spend  so  much  time  with  Just  Grandma  and  Me  that  your 
students  won't  get  a  chance  to  use  it! 

For  the  older  student,  and  for  anyone  interested  in 
classical  music.  The  Orchestra  CD-ROM  from  Warner  is 
a  must  have.  One  of  the  Audio  Note  series  CD-ROMs, 
The  Orchestra  utilizes  Benjamin  Britten's  *  Young 
Persons*  Guide  to  the  Orchestra'  to  teach  about  the 
various  instruments  of  the  orchestra.  In  addition,  the 
HyperCard  software  which  is  on  the  CD-ROM  provides: 
musical  notation  of  every  melody,  inf onnation  about  the 
various  instruments  of  the  orchestra,  additional  audio 
musical  examples,  a  quiz  on  the  various  instruments  of 
the  orchestra,  and  an  orchestration  lab  in  which  you 
determine  which  instruments  will  perform  the  tune 
*Greensleeves' . 

What  makes  each  of  these  CD-ROMs  exemplary  is  the 
extent  to  which  the  developers  have  incorporated  both 
ease  of  use  and  educational  applicability  into  each 
program.  The  software  for  The  Orchestra  highlights  each 
measure  of  musical  notation  as  it  is  performed.  Just 
Grandma  and  Me  not  only  provides  a  program  which 
could  easily  be  used  by  a  young  child,  but  also  allows  the 
user  to  become  actively  involved  with  the  program.  The 
*What  If  and  *What  do  you  think  will  happen  now?' 
factors  are  strongly  evident  throughout  the  program.  The 
New  Grolier  Multimedia  Encyclopedia  is  designed  with 
student  research  in  mind,  combining  the  benefits  of  a  full- 
range  of  encyclopedic  information  in  combination  with 
hypermedia  in  order  to  more  fully  understand  a  subject. 
The  potential  for  classroom  use  for  each  of  these  CD- 
ROMs  (as  well  as  many  others)  is  virtually  unlimited.  As 
with  any  technology,  however,  the  potential  for  use  is 
tempered  with  the  knowledge  that  these  are  only  tools  and 
should  be  utilized  to  enhance  the  learning  process.  Each 
of  these  CD-ROMs  contains  an  inordinant  amount  of 
information  and  'stuff  which  could  overwhelm  some 
students.  Serious  thought  must  be  given  as  how  and  when 
to  introduce  this  medium  and  when  to  allow  the  student  to 
begin  exploration  on  their  own.  We,  as  educators,  must 
become  familiar  with  this  technology  in  order  that  we 
may  provide  guidance  and  vision  as  to  their  use.  Fortu- 
nately, with  the  CD-ROMs  discussed,  and  with  many 
others  that  are  becoming  available,  the  developers  have 
incorporated  both  ease  of  use  and  sound  educational 
benefits  into  each  program.  It  is  up  to  each  of  us  to  put 
these  products  to  best  educational  use. 
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Putting  together  the 
multimedia  electronic 
classroom 

Ali  Jafari 
Indiana  University-Purdue 
University  Indianapolis 


Introduction 

One  of  the  major  differences  between  the  conven 
tional  classroom  and  the  "electronic^classrooin 
is  in  the  type  and  quantity  of  media  available.  In 
the  conventional  classroom^edia  tend  to  be  limited  to 
the  chalkboard  and  the  overhead  transparency  projector. 
In  the  electronic  classroom,  the  range  of  media  available 
increases  significantly.  This  inaease  means  the  inclusion 
of  equipment  such  as  the  person  computer,  laser  disc 
player,  video  projector,  CD  ROM  player,  stereo  sound 
system,  and  the  like.  That  many  teacher  stay  with  conven- 
tional teaching  tools  attests  to  their  familiarity  and  ease  of 
use.  The  blackboard  is  understandably  easy  to  use,  while 
learning  to  operate  the  overhead  transparency  can  be 
mastered  by  a  novice  without  need  for  a  user's  manual — 
there  are  just  two  switches  to  operate,  the  power  switch 
and  the  focus  knob.  In  the  multimedia  electronic  class- 
room, there  are  several  pieces  of  electronic  equipment, 
each  with  dozens  of  control  knobs  and  switches.  For  a 
task  such  as  presenting  a  video  image  on  a  classroom 
screen,  several  pieces  of  equipment  must  be  sequentially 
powered  and  adjusted,  such  as  video  projection  equip- 
ment, computer,  video  playback  device,  room  lighting, 
sound  amplification  and  so  on.  The  operation  of  this 
equipment  can  mandate  a  lengthy  training  session.  A 
proposition  most  teachers  are  not  likely  to  look  forward 
to. 

In  order  to  reduce  such  problems  and  difficulties  at  the 
control  and  interface  level  of  the  electronic  classroom,  a 
new  piece  of  technology  is  needed — the  Human-Technol- 
ogy Interface  (HTI)  system.  Such  a  dedicated  computer 
system  is  especially  designed  to  simplify  interface 
between  teacher  and  technology  in  the  classroom.  For 
instance,  when  the  teacher  wants  to  display  the  computer 
image  on  a  large  screen,  they  merely  would  touch  the 
computer  symbol,  or  icon  on  a  touch  sensitive  display 
panel,  and  all  relevant  devices  would  be  automatically 
activated  while  necessary  adjustments  are  made  in  order 
to  project  the  computer  image  onto  the  screen.  All  these 
operations  are  performed  while  kept  in  the  background. 
By  using  an  HTI  system,  the  teacher  could  then  concen- 
trate on  teaching  without  having  to  deal  with  such 
interruptions  as  pressing  switches  and  adjusting  knobs 
located  throughout  a  classroom. 

Characteristic  of  an  Electronic  Classroom 

Electronic  classroom  can  be  defined  as  a  teaching 
environment  where  a  variety  of  electronic  media  or 
instaxtion  tools  are  available  to  support  teaching.  This 
includes  a  selection  of  video  projection  equipment  or 
video  monitors,  video  playback  and  COTiputer  equipment, 
sound  system  electronic  Unk  to  outside  multimedia 
resources,  and  the  like. 

Characteristics  of  electronic  classrooms  could  be 
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addressed  from  different  T3erspectives,  such  as  the 
technology  and  its  capabilities,  ergonomics  for  ease  of 
use,  architectural  and  environmental  design,  instruction, 
and  the  like.  Architect,  media  technologist,  engineers, — 
all  have  their  own  unique  expertise  in  design  and  develop- 
ment of  electronic  classrooms.  Each  group  tries  to  define 
and  set  the  requirements  from  their  own  perspectives. 
BuOding  architects  tend  to  pay  more  attention  to  the  room 
in  infrastructure  and  be  pay  more  attention  to  the  interior 
design  of  the  environment.  Engineers  and  media  people, 
on  the  other  hand,  are  interested  in  the  quality  of  equip- 
ment, whes  and  signal.  All  looking  at  the  "design  of  the 
classroom"  but  only  from  their  own  perspective. 

Jafari  (1991)  has  identified  five  requirements  for  the 
electronic  classroom.  These  requirements  can  be  used  to 
set  direction  and  objectives  for  the  electronic  classroom 
design  team.  These  include  the  foUowmg  characteristics: 

Be  easy  to  operate.  Operation  of  various  technologies 
during  a  lecture  should  be  simple  and  straightfon  'ard.  AL 
equipment  should  be  user-controlled  from  the  front  of  the 
classroom^  which  is  where  the  instructor  prefers  to  lecture 
and  can  monitor  audience  response. 

Be  simply  and  quickly  learned.  It  should  take  little 
time  and  require  few  directions  to  learn  how  to  operate 
the  various  classroom  technologies.  Too  o  en  a  faculty 
member  must  spend  sever  hours  or  sometimes  days 
learning  how  to  utilize  technologies  in  a  high-  tech 
classroom.  This  e  effwt  has  been  resisted  by  many  who 
have  previously  utilized  conventional  technology  (over- 
head and  chalkboard)  for  many  years. 

Be  instantly  available.  The  mstructor  should  be  able  to 
activate  any  readily  available  technology  whenever 
needed  it  is  needed  with  minimal  preparation  time  (i.e., 
technology  should  be  ready  and  operable  in  mere  sec- 
onds). 

Be  a  reliable  system  Classroom  technology  hardware 
should  be  extremely  reliable  so  that  an  instructor  need  not 
hesitate  to  design  lectures  which  regularly  incorporate  the 
use  of  technology.  Otherwise  the  technology  win  lose  out 
to  the  chalkboard  which  always  "works*'. 


Be  able  to  provide  features  which  surpass  traditional 
technologies.  Such  technology  as  the  computer  and  video 
projection  should,  with  the  adequate  hardware  so  will  be 
capable  of  presenting  material  (such  as  graphs  and  charts 
to  be  displayed  on  a  screen)  better  than  does  the  conven- 
tional media,  such  as  the  overhead  projector. 

In  order  to  meet  the  above  requirements,  electronic 
classroom  design  teams  should  pay  special  attention  to  the 
design  of  classroom  environment,  selection  of  technology 
equipment  and  to  issues  that  effect  the  quality  of  ergo- 
nomics. These  are  discussed  in  this  paper. 

What  is  a  HTI  system  os  it  applies  to  electronic 
Classroom? 

A  classroom  human-technology  mterface  system  is  a 
medium  through  which  the  teacher  exercises  control  over 
a  variety  of  audio,  visual,  or  multimedia  equipment.  (See 
figure  1)  It  automates  and  simplifies  the  use  of  instruc- 
tional technology  in  the  classroom.  A  HTI  system  consists 
of  two  major  components,  the  teacher-HTI  system 
interface  component  and  the  HTI  system-technology 
interface  component  The  teacher  interface  component  is 
most  commonly  a  touch  sensitive  display  panel.  In  this 
instance,  the  touch  screen  is  mstalled  led  on  a  podium  in 
front  of  the  classroom.  By  touching  a  display  word  or 
icon  on  the  touch  screen  panel,  the  teacher  can  select, 
activate  and  control  a  variety  of  equiinnent.  The  HTI 
system-technology  interface  component  consists  of 
several  interface  computer  circuits,  or  boards  which 
connect  electronically  or  optic  optically  to  a  variety  of 
audio,  video,  computer,  lighting,  and  other  devices 
located  throughout  the  classroom.  For  example,  an 
infrared  signal  can  be  generated  by  the  HTI  system  to 
signal  a  VCR  to  play,  pause,  stop  and  so  on.  A  RS232 
signal  could  bQ  generated  by  the  HTI  system  to  search  a 
frame  on  a  laser  video  disc. 

Several  HTI  systems  are  currently  available  on  the 
market,  including  those  developed  by  Crestron,  Ehno, 
Sony,  and  the  Technology  Access  Governor,  or  the  TAG 
system  research  and  developed  at  lUPUI  Ehnore,  1991). 


Human 

(Teacher) 


Technology 

Computers,  Laserdisc, 
Screen,  lighting  system,  etc. 


Figure  1 .  Human  Technology  Interface  System 
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An  HTI  system  can  play  a  major  role  in  ease  of  use, 
simplicity  and  reliability  of  technologies  in  the  classroom 
(Jafari,  1992). 

D0$ign  Paradigim 

In  recent  years,  many  educational  institutions  have 
invested  in  the  upgrade  of  existing  classrooms  to  create 
electronic,  or  multimedia  electronic  classrooms.  Despite 
their  initial  promise,  most  have  had  only  limited  success. 
If  there  is  blame  to  be  meted  out,  then  a  likely  place  to 
start  is  with  the  buUding  architect  or  technology  vendors. 
Hiey  are  likely  unaware  of  the  needs  of  teachers  and  the 
use  of  technology  in  the  classroom  along  with  ergonomic 
design  principles  as  they  pertain  to  Human-Computer 
Interface  (HCI)  issues.  In  most  instances,  the  design 
model  is  based  on  building  the  facility  first,  and  then  the 
matter  of  technology  integration.  This  model  has  been 
based  on  receiving  input  from  technology  vendors  and 
engineers  while  ignoring  or  disregarding  the  input  of 
teachers,  educational  specialists  and  experts  in  HCI. 

Kent  Nmnan  (1991)  discusses  three  paradigms  of 
design  for  HCI  which  can  be  directly  applied  to  classroom 
technology  design.  They  are  identified  as  follows: 
ergonomics  last,  ergonomics  first,  d  parallel/interactive/ 
iterative  iterative  design.  It  would  seem  that  the  design  of 
most  classrooms  and  learning  environments  today  feed 
into  the  category  of  "ergonomics  last",  with  ergonomic 
considerations,  such  as  the  relationship  between  technol- 
ogy and  user,  taken  only  as  an  a  after  thought  to  the 
design.  Hence,  this  is  probably  why  most  of  tlie  classroom 
renovation  projects  have  not  lived  up  to  their  original 
expectations.  By  the  same  token,  ergonomics  simply  for 
ergonomics*  sake  is  not  the  answer,  either.  Adding  extra 
controls  and  system  capabilities  without  first  gathering 
the  whole  picture,  starting  with  the  user,  is  also  not  the 
answer.  Design  should  proceed  under  the  guidance  of  an 
media  technologist/consultant  while  also  including  the 
mutual  considerations  and  feedback  of  teachers.  A  course 
of  action  that  would  be  included  under  Norman*  s  parallel/ 
intcractinc/iterative  iterative**  paradigm  (see  Figure  2). 
Under  such  a  ^^an,  building  architects  who  design 
classrooms  need  tu  consider  such  design  parameters  as 
size  of  screen,  type  and  orientation  of  lighting  system, 
sealing  arrangement,  interface  issues,  and  the  like.  In  the 
past,  lack  of  consideration  for  these  issues  did  not  cause  a 
major  problem  in  the  design  of  conventional  classrooms 
since  the  chalkboard  was  the  dominate  medium. 

Chorocf  eristics  of  the  human  (teacher) 

Classroom  design  teams  must  first  consider  the 
teacher.  Teachers  vary  in  technical  skill,  background, 
knowledge  and  interest.  These  differences  determine  their 
performance,  as  processing  can  vary  according  to  their 
perception  skills,  level  of  attention,  memory  functioning, 


and  motor  skills.  User  characterisUcs,  as  they  apply  to  the 
electronic  classroom,  can  be  grouped  into  three  types: 

Knowledge  Characteristics.  Teachers  vary  m  terms  of 
their  knowledge  about  technology.  Members  of  faculty  in 
engineering  and  the  sciences  tend  to  have  more  technical 
knowledge  about  computers  and  how  they  function  than 
those  in  education  or  liberal  arts.  Because  of  their  training 
and  day  to-day  research  activity,  faculty  members  in 
scientific  fields  are  more  likely  to  be  comfortable  operat- 
ing devices  such  as  VCRs,  sound  equipment  and  me- 
chanical switches  ( Heywood  &  Norman,  1988). 

Cognitive  Characteristics.  Teachers,  like  anyone  else, 
vary  in  their  ability  to  make  decisions,  solve  problems, 
and  perform  various  mental  tasks.  For  instance,  pulling  a 
projection  screen  down  and  adjusting  it  so  that  a  keystone 
corrected  position  is  found  can  be  a  difficult  task  for  some 
teachers.  Having  to  deal  with  the  business  of  instructing 
white,  at  the  same  time,  being  forced  to  cope  with  what 
can  be  unfamiliar  or  simply  unmastered  technology  can 
be  a  burden  too  much  to  ask. 

Skill  Characteristics.  Teachers  vary  in  Oieir  ability  to 
aK)ly  educational  technologies.  Some  have  extensive 
experience  in  the  use  of  computers  and  may  even  have 
developed  sophisticated  multimedia  programs  using 
complicated  authoring  so  soitware.  Others  may  be 
without  even  basic  computer  literacy  skills.  Surveys 
indicate  "mild  to  severe  discomfort**  among  peq>le  using 
computer  ranging  between  10  to  40  percent  of  the  adult 
population.  Rosen,  et  al,  1990). 

Characteristics  and  capabilities  of  the 
technologies 

Today,  tiie  challenge  of  selecting  a  VCR  or  a  com- 
puter is  difficult.  There  are  hundred  of  different  brands 
and  models,  each  different  from  the  other  while  offering  a 
broad  range  of  features.  Some  of  tiiese  features  may  be 
unfamiliar  to  some  intended  users,  particularly  novices. 
Selecting  equipment  that  offers  needed  features  is  one 
thing.  Finding  different  equipment  that  can  interface  with 
each  other  to  form  a  functional  multimedia  system  is  quite 
anotiier.  Therefore,  it  becomes  necessary  to  evaluate  each 
individual  piece  of  technology  against  tiie  following 
characteristic  factors: 

Interface  Characteristics.  Is  the  equipment  selected 
operable  by  remote  control  or  a  signal  from  a  HTI 
system?  For  instance,  can  a  laser  disc  be  remotely 
controlled  by  an  external  device.  Can  it  be  controlled  by 
two  external  hosts,  a  PC  and  a  HTI  system?  Can  the 
motorized  projection  screen  be  remotely  controlled?  Can 
the  lighting  and  sound  systems  be  remotely  controlled? 

Functional  Characteristics.  Does  the  equipment 
support  necessary  functions  needed  for  various  applica- 
tions? Can  the  video  projector  show  a  high  resolution 
image  generated  by  a  SUN  workstation?  Can  it  automatic 
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opticaDy  synchronized  and  converge  to  a  VGA  signal? 
Can  it  be  controlled  by  a  remote  device  or  an  H I  system? 

Technical  Characteristics.  Does  the  system  have  the 
technical  capabOities  to  be  expanded  to  support  future 
technology  renovation  and  upgrade?  Can  different  parts 
of  the  technology  be  integrated? 

Other  Characteristics.  How  reliable  is  the  system? 
How  quickly  y  could  it  be  repaired,  or  replaced,  in  the 
case  of  technological  obsolescence  or  upgrade?  A  d 
more... 

Electronic  Classroom  Design  Model 

Design  of  the  electronic  classroom  should  function  on 
a  reciprocal  basis,  with  interaction  among  expert  and  fun 
participation  and  input  from  reiM*esentative  members  off 
faculty.  Figure  2  illustrates  this  process,  showing  it  as  an 
alternative  to  traditional  models  by  emphasizing  a 
dynamically  reciprocal  relationship  between  technology 
users,  namely  teachers,  and  building  architects  and  media 
technology  experts.  It  is  based  on  the  principles  of 
Norman^s  (1991)  parallel  /interactive  design  model. 
Within  this  model,  the  faculty  provides  information 
concerning  their  use  of  technology  in  the  classroom, 
including  (using  which  technology  to  do  what  for  what 
purpose),  their  preferences  and  teaching  format  (e.g. 
simultaneous  use  of  one  projection  screen  and  one  marker 
board  or  two  projection  screens  and  no  simultaneous 
marker  board  or  maybe  one  projection  screen  used  with 
one  live  experiment).  Such  information  is  in  turn  should 
be  used  to  form  the  basis  to  specify  appropriate  types  of 
technology,  classroom  design  environment,  wiring 
system,  and  overall  design  of  the  HTI  system. 

In  this  model,  the  media  technologist/consultant  team 
plays  a  major  role.  They  are  the  technology  experts.  They 
know  what  is  available  on  market  and  are  able  to  identify 
the  advantages  as  well  as  limitations  of  two  similar 
technologies  as  they  are  applied  to  classroom  technology. 

Some  media  technologist/consultant  may  be  familiar 


with  one  type  of  technology  and  less  familiar  with 
another.  Consequently,  certain  biases  over  the  under- 
specification  or  over-specification  of  various  technologies 
used  in  the  classroom  may  exist.  For  instance,  a  media 
technologies  consultant  fmn  whom  are  specialized  in  the 
area  of  acoustic  and  audio  en  engmeering  are  inclined  to 
over  emphasize  the  use  of  audio  based  systems  and  room 
acoustic  treatment.  Another  fi-m  that  has  a  broadcasting 
background  may  promote  the  use  of  expensive  broadcast 
quality  equipment  which  may  not  be  needed  in  electronic 
classroom  applications. 
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Mindful  hypermedia: 
Teachers  as  authors 

Esther  Javetz 
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A  Context  for  Hypermedia 

Hypennedia  systems  are  becoming  more  prevalent, 
accessible  and  user  friendly.  A  variety  of 
positive  claims  have  been  voiced  about  the 
educational  impact  of  such  systems  (see  review  by  Nelson 
&  Palumbo,  1992).  Because  of  the  relatively  easy  load  of 
programming  these  systems  can  be  used  by  teachers. 

Teachers  are  described  in  the  educational  technology 
literature  in  a  wide  range  of  technological  and  design 
competence:  from  struggling  to  become  computer  literate 
(Alessi  &  Tiollip,  1991)  to  "instnictional  gupjs" 
(Venezky  &  Osin,  1991).  But  the  cation  of  teachers 
preparing  their  own  materials  has  always  been  positively 
viewed  even  prior  to  the  computer  era.  Rather  than  using 
st;mdardized  '^teacher-proof  materials,  more  locally 
authentic,  individualized  or  unique  materials  are  likely  to 
develop.  Current  authors  expecting  teachers  to  jump  into 
the  computerized  enviromnent,  perceive  teachers  to  be 
active,  from  modifications  of  open  courseware  (Rivera  & 
Haddock,  1992)  up  to  full  participation  in  the  creation  of 
multimedia  environments  (Falk  &  Carlson,  1992). 

A  recent  movement  In  education  called  Total  Quality 
Management  (TQM)  is  also  shifting  attention  into  quality 
control  in  the  small  educational  organization  (Sztajn, 
1992). 

Our  best  products  cannot  be  mass-produced.  Each  has 
to  be  unique,  and  it  is  precisely  this  uniqu'^ness  and  ?ts 
endless  range  of  possibilities  that  makes  it  valuable. 
The  education  is  art  and  school  is  a  handmade 
process  metaphor  might  initially  seem  to  be  an 
expensive  process.  Nevertheless,  our  society  can 
afford  it  if  there  exists  a  real  desire  to  make  profound 
changes  in  the  status  quo.  (Sztajn,  1992,  p.37) 

This  quality  of  uniqueness  may  evolve  if  individual 
teachers  or  teams  of  teachers  will  be  involved  in  the 
development  of  locally  based  materials;  hypermedia  is  the 
best  tool  so  far  for  these  efforts. 

This  paper  is  highlighting  the  complexity  of  the  task 
of  training  teachers  to  become  authors.  This  training 
5^hould  include:  learning  theory,  awareness  of  structure  of 
disciplines,  instructional  design  models  and  potentials  of 
hypermedia  systems.  Initial  instruction  in  these  areas  is 
intended  to  bring  teachers  to  a  level  of  understanding. 
Then  more  instruction  is  needed  to  ensure  a  transfer  level, 
when  teachers  are  appropriately  using  what  they  have 
learned  in  their  first  authoring  project.  This  transfer  is 
expected  to  be  mindful  (Perkins  &  Salomon,  1988),  so 
design  ideas  are  implemented  in  new  tools  rather  than  a 
random  display  of  atUiictive  screens,.. 

The  complexly  of  ?r?ining  teachers  to  be  hypermedia 
authors,  with  a  laajor  limitalion  on  training  time  (sec 
project  description),  requires  to  prioritize  the  kinds  of 
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desirable  training  and  strategies  employed  for  training. 
Looking  at  the  transfer  Uterature  (Gick  &  Holyoak,  1987) 
seems  to  be  productive  in  terms  of  the  general  strategies 
to  be  employed  in  this  instructional  sequence.  Determi- 
nants of  transfer  range  from  number  and  variability  of 
examples,  conditions  of  encoding,  prior  knowledge  and 
more. 

Since  the  teachers  have  to  comprehend  the  infcxma- 
tion  presented,  prior  to  transfer  to  a  "real"  project,  one 
should  adopt  a  constructivist  view  of  learning  and 
memory  (Royer,  1986).  Comprehension  of  the  inf(Kma- 
tion  should  be  defined  as  a  divergent  task,  where  teachers 
are  constructing  meaning  by  interpreting  a  message  in 
light  of  their  own  knowledge. 

Using  hypermedia  as  the  major  tool  for  authoring  may 
produce  instructional  materials  of  different  modes: 
Knowledge  Presentatiwi,  Knowledge  Representation  and 
Knowledge  Construction  (Nelson  and  Palumbo,  1992). 
However  using  new  tools  does  not  preclude  the  need  for 
classic  instructional  design  skills:  task  analysis  and  flow 
charting.  The  task  analysis  should  reflect  learning  theory, 
teachable  tasks  and  a  view  of  the  subject  matter.  The  flow 
chart  should  reflect  comprehension  of  the  medium 
potential  and  preferred  instructional  models. 

Such  complex  teacher  education  endeavors  are  best 
studied  using  naturalistic  inquiry  methods.  Teachers 
receive  a  variety  of  "inputs"  and  produce  two  complex 
"outputs"  that  are  impossible  to  quantify:  a  hypermedia 
learning  material  and  a  new  understanding  about  the 
multivariable  process  of  the  development  of  a  CAI 
program.  The  need  for  more  naturalistic  inquiry  in 
computer-based  instruction  has  idready  been  recognized 
(Neuman,  1989). 

The  foUowing  is  a  first  phase  report  of  a  naturalistic 
inquiry  into  the  process  of  teacher  training  in  hypermedia 
type  CAI. 

Project  Description 

A  Courseware  Development  graduate  course  is  being 
offered  in  West  Michigan  to  teachers  pursuing  a  masters 
in  educational  technology.  Initial  instruction  in  instruc- 
tional design  has  been  classroom  based  through  lecture 
and  discussions.  Tlie  teaching  method  used  had  an 
emphasis  on  principles  and  not  details-  a  conceptual 
ai^roach  to  teaching  (Javetz,  1991).  The  main  software 
tool,  an  hypermedia  system  TOOLBOOK  is  being  taught 
by  the  same  instructor  in  the  computer  laboratory.  Some 
teachers  preferred  to  create  their  final  projects  with 
HyperCard  due  to  the  platform  available  at  'heir  school, 
and  they  were  allowed  to  do  so.  Another  con  '.nunication 
channel  was  opened,  when  students  began  writing  a 
journal  entry  in  every  class,  and  saving  it  as  a  file  on  disk. 
The  instructor  read  their  journals  and  entered  relevant 
answers.  The  purpose  of  the  journal  activities  was  to 


enhance  comprehension  and  transfer,  while  supporting 
creativity  and  divergent  perceptions. 

The  journals  also  reflected  affective  processes.  The 
teachers  were  overwhehned  by  the  complexity  of  the  task, 
and  the  instructor  acknowledged  thei:  feelings  and 
directed  them  to  positive  avenues,  namely,  concentrating 
on  one  sub  task  at  a  time — the  one  they  preferred  to  do 
first. 

The  emphasis  on  comprehension  and  transfer  was 
expected  to  pay  oft*  in  the  final  task  as  well  as  in  the 
course  sub  tasks.  The  sequence  of  tasks  required  by  this 
course  were:  Treatment  Paper  (cited  research  about 
variables  of  interest).  Task  Analysis  (applying  Gagne's 
terminology  and  learning  hierarchies  to  a  subject  matter 
of  choice).  Flow  Chart  (for  an  hypermedia  tool,  so  it  does 
not  have  to  be  sequential),  and  Program  Sample  (where 
all  previous  sub  tasks  can  be  implemented). 

One  can  see  that  teacher  training  in  this  context  was  a 
combination  of  old  and  new  ideas  in  instructional  design. 
In  every  stage,  a  "classic"  idea  was  introduced  with  its  old 
manifestations.  Then  new  models  were  introduced  to 
accommodate  new  knowledge  m  cognitive  psychology 
and  in  more  versatile  computer  tools.  A  case  in  point  is 
the  Flow  Chart  stage.  Its  classic  manifestations  were 
introduced  (see  for  example  Alessi  &  Trollip,  1991, 
Hannafin,  1988,  and  Figure  1),  however  more  relevant 
models  were  suggested  too.  Flexible  guidance  in  a  linear 
environment  (Figure  2),  a  structured  database  using 
clusters  (Figure  3),  and  a  hierarchical  network  (Figure  4) 
were  introduced  as  part  of  a  continuum  of  possibihties. 
The  models  varied  as  more  or  less  appropriate  for  the 
kinds  of  kiK)wledge  represented.  Also,  navigational 
patterns  and  amounts  of  learner  control  were  described  as 
limited,  pending  on  learner's  prior  knowledge  and 
metacognitive  skills. 

In  the  first  phase  of  the  study,  student  journals  were 
analyzed  as  the  main  source  for  tapping  into  the  concep- 
tual development  of  the  teachers.  Did  they  achieve  a  new 
understanding  about  the  c  ;velopment  of  CAI  materials? 
Did  they  appreciate  the  process  they  have  been  through? 
Did  they  transfer  at  least  some  of  the  ideas  taught  and 
make  conscious  design  decisions  in  their  new  programs? 

Analysis  and  Results 

Since  the  journals  were  an  informal ,  open-ended  tool, 
the  teachers  keyed  into  the  word  processor.  Word  for 
Windows,  every  topic  of  concern,  be  it  personal  or 
professional.  The  instructor  responded  to  the  issues,  «aid 
sometimes  posed  direct  questions  in  order  to  encourage 
thinking  in  a  certain  direction. 

Generally  speaking,  the  text  material  (the  journals) 
can  be  analyzed  to  at  least  six  theme  areas:  Problems  (ihat 
teachers  are  av  are  of ),  Hypermedia  (attitudes  and 
appreciation  oO,  ImjX)itance  of  the  design  procedures 
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(especially  task  analysis  and  flow  chart).  Awareness  of 
their  students*  needs,  Reaction  to  the  team  work  done  in 
the  class,  and  Decisions  about  design  (that  they  have 
made  for  their  own  program). 

Problems 

In  each  category,  various  excerpts  are  provided.  In  the 
problem  category,  teachers  expressed  an  array  of  prob- 
lems. Some  of  them  relate  to  what  is  happening  in  the 
schools: 

It  is  kind  of  frustrating  at  my  school  because  many  of 
the  teachers  don't  see  the  need  for  technology  in 
education,  so  it  is  hard  to  get  them  to  learn  how  to  use 
even  the  Apple  //e's  that  we  have.(B.H.) 

Some  are  related  to  a  state  of  confusion  when  starting 
a  journey  into  a  new  discipline: 

I  think  there  is  an  adequate  rapport.  I  don' t  believe 
your  expectations/  requirements  for  special  assign- 
ments are  always  clearly  understood.(J.G.) 

and  some  still  ponder  if  instrucUonal  design  is  a 
research  based  authoritative  source  or  maybe  creating  a 
learning  material  is  just  a  question  of  opinion: 

I  think  your  rapport  with  the  students  has  been  quite 
good,  though  at  times  your  view  may  very  well  be  the 
generally  accepted  one.  You  may  give  the  impression 
that  your  view  is  the  only  acceptable  one.  Admittedly, 
this  is  often  when  we  are  discussing  items  which  are  of 
special  interest  to  you,  and  of  which  you  do  have 
greater  knowledge  than  us.(T.H.) 

Hypermedia 

Hypermedia  systems  were  unanimously  well- viewed, 
and  teachers  felt  even  a  sense  of  power  by  just  learning 
one  or  more  of  these  systems. 

At  any  rate,  I  am  excited  to  enter  the  world  of 
hypermania.  [J.G.]. 

Hypertext/Hypermedia  is  a  useful  tool  to  create 
professional  looking  programs.  Before  this  course  I 
had  only  heard  of  Hypermedia,  and  now  I  am  really 
jumping  into  it.  I  don't  think  Hypermedia  is  practical 
at  this  point  in  time  because  of  the  lime  involved  in 
producing  a  program  (at  least  until  I  become  nK)re 
proficient  at  it).  I  think  I  would  either  spend  my  time 
looking  for  an  existing  program  that  someone  else  has 
produced,  or  use  some  other  means  of  teaching 
somelhing{B.H.). 


Coming  into  this  course,  I  had  a  sense  of  what 
hypermedia/hypertext  was  all  about.  I  had  no  idea  how 
everything  was  connected.  Now  I  understand  bow  it 
works.  I  have  still  need  to  learn  how  specifically  to 
make  the  program  work  (i.e.  develop  a  program  using 
Toolbook  or  Macintosh  HyperCard).  This  wUl  come 
with  practice  and  experience  (and  the  user's 
manual.)(J.G.) 

I  think  hypermedia/text  is  highly  relevant.  More  and 
more,  I  am  hearing  about  hypermedia  in  the  schools. 
Students  are  being  asked  to  create  a  hypertext/ 
HyperCard  program  rather  than  a  simple  written 
report  Shouldn't  the  teacher  have  the  same  capability? 
In  addition  to  knowing  how  hypertext  works,  I  think 
it's  great  to  have  the  knowledge  to  put  a  CAI  together. 
At  the  very  least,  I  have  gained  great  respect  for 
educational  software  producers.(J.G.) 

Irriportonce  of  Design  Procedures 

Teachers  in  this  course  received  a  new  awareness  of 
the  importance  of  instructional  design  procedures.  Some 
accepted  them  in  a  more  passive  mode  ("we  follow 
instructions*')  like: 

As  for  how  we  will  use  the  task  analysis  we  wiU  have 
to  be  sure  to  cover  all  the  concepts  described  in  it. 
There  will  be  very  few  concrete  concepts  for  the 
students  so  we  will  have  to  provide  basic  instruction  in 
most  of  the  concepts.  We  are  planning  on  having  a 
tutorial  section  for  each  different  type  of  graph.  This 
will  have  the  basics  of  how  to  "read",  "I.D.",  and 
"create"  each  type.  This  will  also  include  the 
vocabulary  .(J. S.) 

Some  internalized  and  saw  different  components  and 
their  interrelationships,  like: 

The  task  analysis  really  started  us  thinking  about  the 
levels  and  relaUonships  of  the  information  we  were 
presenting  to  the  students.  Under  ;tanding  and  isolating 
the  verbal  information  stressed  the  need  to  be  sure  the 
students  have  a  clear  understanding  of  the  vocabulary 
we  are  using.  Charting  the  intellectual  skills  helped 
clarify  what  items  were  defined  concepts,  concrete 
concepts,  or  rules.(K.K) 

and  others  saw  these  procedures  also  as  a  communica- 
tion tool,  to  express  their  ideas,  and  receive  professional 
recognition. 

What  was  the  purpose  of  the  flow  chart? 

It  liclps  mc  better  visualize  where  Tm  headed  with  my 
program.  Although,  my  screens  are  not  done,  they're 
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still  in  the  development  stage,  I  can  see  lots  of  room 
for  expansion.  How  did  I  envision  my  project  before 
and  after  the  flow  chart?  Before  the  flow  chart  I  felt 
kinda  like  a  pioneer.  Nobody  (and  I  mean  NOBODY) 
has  any  vision  for  what  I  am  doing  (or  want  to  do)  in 
H,  With  the  flow  chart  showing  me  direction,  and  the 
research  Tve  done  to  support  it  I'm  beginnuig  to  see  a 
horizon-bigger  than  I  had  envisioned  [A.  V,] 

Awareness  of  their  Students'  Needs 

It  is  important  to  promote  teacher  awareness  of 
student  needs.  Teachers  that  expressed  this  understandmg 
(not  all  of  them)  were  already  ^plying  the  new  knowl- 
edge to  their  work  environment,  both  in  a  computer  and 
non-computer  context. 

I  work  in  Northern  Michigan  throughout  the  summer 
with  the  Pshawbestown  Indian  Reservation.  My 
teaching  certification  and  college  major  was  in 
Environmental  Science.  I  spend  some  of  my  time  up 
north  teaching  Environmental  Sciences.  The  Reserva- 
tion has  purchased  Macintosh  computers  and  it  would 
be  great  to  be  able  to  bring  to  them  a  curriculum  that  is 
relevant  to  them  in  Environmental,  Historical,  Cultural 
as  well  as  other  areas.(R.  Y.) 

As  I  approach  the  new  school  year,  memories  of  the 
successes  and  difficulties  of  last  year's  student  come 
to  mind.  In  the  area  of  science  the  fifth  grade  has  five 
major  areas  of  study.  Within  the  animal  unit  the 
students  had  gr^at  difficult  grasping  the  classification 
and  characteristics  of  invertebrates.  I  would  like  to 
create  a  multimedia  program  to  help  the  students  form 
visual  relationships  among  the  groups  of  invertebrates 
and  understand  the  characteristics  of  each  group. 
(K.K.) 

One  thing  I  have  noticed  quite  often  while  subbing  is 
♦hat  uistruction  oftentimes  presents  concepts  without 
developing  the  knowledge  necessary  to  understand  the 
concepts.  For  example,  articles  are  read  and/or 
newscasts  are  shown  on  topics  such  as  Bosnia. 
Students,  for  the  most  part  do  not  even  know  where 
Bosnia  is,  let  alone  the  "defined  concept"  of  civil 
conflict  If  teachers  were  to  do  task  analyses  on  current 
event  topics  maybe  students  would  understand  more, 
or  maybe  teachers  would  realize  how  complicated 
(and  beyond  children)  some  topics  are.  [M.C.D.] 

CAI — New  View 

CAI  as  an  umbrella  concept  for  any  form  of  Computer 
Based  Education  was  adopted  with  a  new  view  about  its 
current  definition.  Knowledge  of  hov/  to  create  CAI 
(^instructional  design)  is  appreciated  as  a  contribution  to 


teaching: 

During  the  past  week  I  was  able  to  get  myself  ac- 
quainted with  the  textboc^  and  get  an  overview  and 
historic  perspective  of  CAI.  We  also  read  about  some 
of  the  applications  of  CAI.  The  readmgs  were  very 
interesting  and  have  started  me  thiiJcing  in  a  whole 
new  area  as  to  directions  that  I  can  go,  in  my  develop- 
ment of  some  CAI  for  my  particular  teaching  situation. 
I  can  see  many  challenges  that  lie  ahead  and  I  know 
that  by  facing  them  and  achieving  success  in  tiiem  will 
lead  me  to  be  a  better  teacher.(R,Y,) 

as  a  complex  process: 

I  have  gained  greater  understanding  and  respect  for  all 
that  goes  into  the  development  of  CAI  programs  from 
why  certain  "tilings"  must  be  done  and  how  to  best 
achieve  an  effective  CAI  (fi'om  research,  readings, 
class  time).  Admittedly,  I  still  need  to  gain  greater 
experience  on  the  computer  to  actually  create  a 
product.(J.G.) 

and  as  a  tool  in  software  evaluation: 

The  more  we  learn  about  CAI  tiie  more  disappointed  I 
am  with  the  programs  tiiat  I  have  seen  in  the  past. 
They,  to  say  the  least,  were  very  poorly  designed,  at  a 
low  level,  and  very  limited.  Witii  the  continued 
improvement  in  computer  speed  and  storage  it  seems 
that  tile  quality  of  CAI  should  also  improve  at  the 
same  rate.  I  am  very  much  looking  forward  to  learning 
more  about  design  and  autiioring.(T.D.) 

Teomwork 

The  process  of  cooperative  learning  encouraged  by  the 
instructor  was  accepted  by  most  teachers.  Few  still 
decided  to  work  in  groups  of  one.  Most  teachers  ex- 
pressed satisfaction  from  thu  team  approach. 

I  like  working  witii  a  team  and  getting  to  know  otiier 
classmates  better.  So  often  in  a  graduate  course  no  one 
gets  to  know  each  other,  but  now  I  have  some  cohorts 
to  call  for  help,  encouragement,  guidance,  or  ideas 
long  after  the  course  is  over.  (K.K.) 

I  feel  like  I  have  learned  a  lot,.  I've  learned  a  lot 
through  the  help  of  oUier  students.(A.V.) 

while  some  were  h^py  to  work  individually. 

The  group  of  students  seems  to  be  individual  and 
concentrating  on  their  assignments.  I  am  too  busy  in 
class  myself  to  even  be  conscious  of  a  group 
atmasphere.(R.Y.) 
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Effective  Design 

All  teachers  participating  in  the  course  wrote  some- 
thing about  effective  design.  At  least  some  of  their 
program  components  were  consciously  designed: 

Some  of  the  elements  that  we  used  to  facilitate 
learning  are  the  following: 

—  Gaining  attention:  we  used  graphics  of  u:;.  aniinal  on 
each  introductory  card.  We  also  used  video  of  the 
anunals  and  sound  to  denote  correct  or  incorrect 
answers  on  the  quiz. 

—  Informing  learner  of  lesson  objectives:  The  beginning 
of  the  program  lists  the  objectives  the  students  need  to 
master. 

 A  chart  and  a  recorded  voice  reminds  students  of 

information  they  have  learned  before  about  animals, 
and  where  invertebrates  fit  into  the  animal  kingdom. 

—  Presenting  stimuli:  the  text  bullets  provide  the  infor- 
mation the  students  need  about  the  new  concept  A 
graphic  of  the  animal  appears  in  the  center  of  the  page 
widi  the  information.  The  video  also  shows  the  animal 
in  its  natural  environment. 

—  A  quiz  is  provided  in  each  category  to  gauge  student 
progress.  The  students  are  informed  and  congratulated 
for  a  correct  response  and  informed  and  sent  back  to 
the  ipfonnation  they  need  for  an  incorrect 
response.(B.H.) 

To  facilitate  learning,  I  expect  to  keep  things  simple, 
consistent,  centered,  and  free  of  distracting  elements. 
Where  learner  control  is  available,  it  will  be  largely 
graphic,  simple,  and  consistent.  Navigation  clues  will  be 
based  on  simple  graphics  and  color.  Clue^  will  be 
consistent  between  menu  items  and  screens.  I  will  try  to 
gage  times  /  repetitions  such  that  the  variety  within  a 
section  will  be  sufficient  to  sustain  interest.  [BZ.] 

Discussion 

Hypermedia  systems  and  platforms  hold  a  lot  of 
promise  to  education  (Megairy,  1988).  Beyond  the 
computing  power,  new  program  designs  and  display 
metaphors  have  to  be  created  (See  Figures  2,  3,  &  4 
above;  Chiou,  1992;  and  Locatis,  Letouneau,  &  Banvard, 
1989). 

Teachers  are  exposed  to  hypermedia  systems  as  buzz 
words  or  with  incidental  manipulations  of  screens,  clip 
art,  fonts,  and  sound  or  video  capabilities.  This  project 
documented  the  conceptual  development  and  transfer  that 
teachers  can  go  through  to  become  better  teachers  and 
more  skilled  users  of  hypennedia  systems.  Teacher 
education  is  still  the  most  complicated  but  worthwhile 
process  in  the  equation  of  hardware,  software,  students, 
and  teachers.  Teachers  who  are  computer  literate  should 
iurther  their  education  in  instructionJa  design  and  cogni- 
tive psychology  and  may  become  local  leaders  in  the 


development  of  our  new  learning  materials. 
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Marketing  schools  through 

multimedia: 
How  San  Diego  Magnet 
Schools  "sell"  themselves 
to  the  public  using 
technology 

Carol  A.  Kerney 
San  Diego  City  Schools 


Why  Market  Schocte? 

Marketing  your  school  is  not  something  that 
teachers,  student  teachers,  and  teacher 
educators  often  think  about.  Why  should  we 
maricet  our  schools?  A  school  isn't  an  insurance  office,  a 
car  dealership,  or  a  toy  company. 

Have  you  ever  noticed  how  often  newspapers  and 
television  news  seem  to  focus  on  what  is  wrong  with 
education?  Does  your  school  ever  need  to  seek  grant 
money  or  financial  aid  from  business  or  organizations? 
Do  you  want  the  central  office  and  the  community  to 
think  weU  of  your  school?  What  happens  if  the  movement 
toward  schools  of  choice  becomes  more  popular?  How 
will  you  compete  for  students  then?  Is  your  school  a 
magnet  school  and  do  you  have  to  compete  for  students 
nowl 

Schools  want  parents,  district  administrators,  and  the 
community  to  understand  and  appreciate  the  good  job 
they  do.  When  we  let  the  world  know  what  is  good  about 
our  schools,  we  are  marketing  them. 

Magnet  School  Recruitment 

Some  of  us  must  take  a  proactive  attitude  toward 
marketing.  Magnet  schools,  for  example,  must  actively 
attract  nonresident  students  in  order  to  reduce  racial 
isolation.  Recognizing  this  need,  San  Diego  designed  a 
position  called  recruitment  resource  teacher  paid  with 
special  funding  from  the  federal  government.  I  have  held 
that  position  since  1989,  and  in  1992  we  hired  yet  a 
second  person  to  work  centrally  with  magnet  school 
marketing.  In  addition,  at  the  magnet  schools,  one  of  the 
principal  duties  of  on-site  magnet  resource  teachers  is 
recruitment  to  their  individual  schools. 

What  do  the  magnet  schools  do  to  attract  students? 
San  Diego's  magnet  schools  send  out  brochures  and 
flyers,  give  presentations  at  target  schools,  man  booths  at 
conmiunity  events,  participate  in  the  ?rinual  telemarketing 
campaign,  and  try  to  saturate  a  target  neighborhood  with 
articles  in  the  local  newspapers  and  flyers  in  local 
businesses. 

Besides  helping  with  these  activities,  at  the  central 
level  we  boost  recruitment  by: 

•  developing  the  Magnet  Information  Line  (a  voice  mail 
system  with  information  about  each  of  the  46  magnet 
schools,  eligibility  requirements,  transportation,  etc.); 

•  designing  billboards  that  advertise  the  magnet  schools; 

•  publishing  a  newsletter  that  promotes  the  special 
programs  in  the  magnet  schools; 

•  creating  training  programs  to  help  schools  design  their 
recruitment  plans;  and 

•  creating  multimedia  promotions. 
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How  Do  We  Use  Mulfimedia  to  Moiket  the 
Magnet  Schools? 

Sir  A  June  1991  we  have  taken  advantage  of  the 
particular  strengths  of  multimedia  to  publicize  our  magnet 
schools.  We  define  multimedia  as  combining  live  action 
video,  animation,  graphics,  text,  narration,  and  music  into 
an  integrated  whole.  Multimedia  captures  and  holds 
attention,  it  has  a  modem  look,  it  is  a  flexible  production 
tool— all  of  which  makes  multimedia  a  great  tool  for 
marketing. 

In  our  district  we  have  used  multimedia  in  our 
marke^^g  efforts  since  1991 .  We  use  multimedia  in 
public  service  announcements,  modular  video,  and 
interactive  kiosks. 

Public  Service  Announcements  (PSAs) 

Public  service  announcements  are  **comr.iercials"  that 
air  free-of-charge  on  television  and  radio.  San  Diego  has 
three  television  network  affiliates  and  two  major  cable 
stations.  Beginning  in  January  1992,  we  have  aired  PSAs 
about  magnet  schools  on  both  cable  channels  and  repeat- 
edly on  one  networic  station.  The  SO-second  PSAs  have 
aired  some  100  times 

I  made  the  PSAs  using  the  multimedia  system  tL  t  is 
detailed  later  in  this  paper.  The  basic  visuals  are  com- 
puter-generated animation.  Music  and  narration  are 
added.  The  result  is  colorful,  fast-moving  commercials. 
ITie  following  paragraphs  describe  several  PSAs. 

The  first  two  public  service  announcements  to  air 
were  called  "Check  It  Out!"  and  "Pick  a  Dream  ."  "Check 
It  Out!"  starts  with  the  words  "Check  It  Out"  on  a  neutral 
background.  A  bold  black  check  mark  appears.  The  music 
grabs  attenUon  with  a  heavy  beat  and  futuristic  sound. 
Then  the  screen  dissolves  to  the  message,  "San  Diego 
City  Schools  Magnet  Programs  Give  You  Choices  in 
Wucation"  foUowed  by  a  list  of  magnet  programs. 
Finally,  as  the  music  builds  to  a  crescendo,  the  check 
mark  flashes  on  and  we  throw  up  the  phone  number  of  the 
Magnet  Information  Line. 

"Pick  a  Dream"  is  softer.  It  asks  people  to  consider 
what  educational  dreams  they  may  hold  for  their  children. 
First  a  white  daisy  "grows"  across  a  shaded  pink-and-rose 
background.  Then  one  petal  picks  itself  from  the  daisy 
and  the  words  "Pick  a  Dream"  appear.  Next  we  say  "San 
Diego  City  School.^  Magnet  Programs  Make  Your  Child's 
Educational  Dreams  Come  True."  Then  a  bouquet  of 
daisies  pop  up  over  the  words  which  are  replaced  by  an 
invitation  to  phone  the  Magnet  Information  Line. 

The  third  PSA  starts  with  the  darkened  skyline  of  a 
city  at  night.  SucWenly  a  huge  sun  tlares  behind  the 
skyline  and  the  night  sky  melts  to  a  glorious  sunrise. 
Cheerful  wake-up  music  plays  behind  ^Xight  Up  Your 
Life  San  Diego."  "You  Have  Options  in  Education."  Then 
"Magnet  Programs  "  zoom  up,  "San  Diego  City  Schools*' 


flashes  across  the  screen  and  the  piece  ends  with  the 
information  line  phone  number. 

PSA  number  four  is  different  from  the  earlier  Ihree  in 
that  "Moi  L'ecole  "  focuses  on  a  specific  school,  Knox, 
our  elementary  French  immersion  magnet.  The  TV  viewer 
sees  a  child's  drawing  of  a  school  and  hears  a  young  girl's 
voice  speaking  French.  The  narrator,  a  fourth  grade 
student  at  Knox,  alternates  French  with  English.  During 
the  PSA  a  child's  drawing  of  a  teacher  appears  and  walks 
across  the  school  yard.  Next  children's  faces  appear.  The 
sun  winks,  the  children  smile,  and  the  narrator  concludes, 
"I  love  Knox!"  The  viewer  is  encouraged  to  find  out 
about  Knox  and  other  magnet  schools  by  calUng  the 
Magnet  Information  Line. 

Modular  Video 

Video  is  a  very  effective  marketing  device.  When  a 
school's  magnet  resource  teacher  makes  a  recruitment 
visit  to  target  schools,  it  is  helpful  to  carry  a  video  that 
describes  the  magnet  school.  When  prospective  parents 
and  students  visit  the  magnet  school,  a  snappy  video  wiU 
inform  and  attraa.  What  better  way  to  sum  up  the 
school' s  mission?  And  video  is  a  tune  traveler.  It  can 
show  the  students  involved  in  activities  that  happened  six 
months  ago  or  on  a  field  trip  or  during  the  school  day 
even  when  the  visitors  tour  after  school  hours. 

San  Diego  City  Schools  has  46  magnet  schools  and  at 
least  13  of  those  magnet  schools  need  updated  videos. 
The  task  of  creating  so  many  videos  is  monumental  and 
far  too  much  for  the  two  people  in  our  office  to  accom- 
plish by  ourselves.  Therefore,  we  needed  to  come  up  with 
a  method  for  us  to  partner  with  the  magnet  resource 
teachers  to  make  recruitment  videos. 

We  in  our  office  know  video  production;  magnet 
resource  teachers  at  the  schools  know  their  schools.  We 
need  to  make  maximum  use  of  everyone's  expertise— in 
minimum  time.  Hence,  the  "modular  video"  concept. 
Modular  video  is  a  term  we  coined  to  describe  how  we 
plan  to  produce  13  videos  over  the  next  two  years  while 
still  keeping  up  with  our  other  duties  and  witiiout  going 
totally  crazy.  Here's  the  plan. 

Step  1.  My  colleague  Shirlee  Rodriguez  and  I  use  the 
multimedia  system  to  design  and  produce  three  video 
formats  broken  down  into  their  modular  parts.  I'll  give  an 
example. 

Oui-  first  prototype  video  features  Fulton,  an  academ- 
ics and  athletics  elementary  magnet.  The  narrator  in  this  8 
minute  video  is  the  school's  mascot,  a  muscular  fellow 
who  is  a  human-like  wildcat.  The  video  combines  action 
shots  from  tiix-.  school  with  graphic  overlays,  animation 
(mostly  of  tlie  wildcat  in  various  athletic  poses),  music 
selections,  and  narration.  The  narration  was  recorded  by 
an  actor  who  volunteered  to  perform  the  wildcat  voice. 

To  modularize  the  Fulton  video,  we  break  the  video 
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down  into  its  component  parts.  Then  we  outline  the 
''modules"  on  tbe  computer,  ie.,  the  first  18  seconds  is  an 
introductory  animation,  tbe  next  12  seconds  sbow  a  live 
action  exterior  shot  of  tbe  school,  etc,  until  the  whole 
video  has  been  reduced  to  its  parts. 

Step  2.  We  have,  in  effect,  outlined  the  script  for  the 
schools.  Magnet  resource  teachers  from  each  school  visit 
our  office  and  select  one  format  for  their  video.  The 
deliverable  from  that  meeting  is  a  list  of  camera  shots  that 
tbe  magnet  resource  teacher  must  gel  at  school  and  a  list 
of  graphics  and  animation  that  we  will  develop  using  the 
multimedia  system. 

Step  3.  Scriptwriting  is  next  Teachers  *TiU  in  the 
blanks"  in  the  modular  script  with  infonnation  specific  to 
their  schools. 

Step  4.  The  next  step  is  for  magnet  resource  teachers 
to  capture  the  raw  footage.  They  get  videotaped  shots  of 
the  exact  scenes  necessary  to  ccMnplete  the  modular  video. 

Step  5.  Meanwhile,  we  create  the  graphics,  animation, 
titles,  and  credits  on  the  multimedia  system. 

Step  6.  We  select  appropriate  background  music. 

Step  7.  We  record  the  narration. 

Step  8.  Our  final  step  is  to  use  the  multimedia  system 
to  edit  together  the  video  footage  from  the  schools, 
graphics,  animation,  music,  and  narration. 

What  Is  the  Final  Product?  We  will  not  attempt  to  tell 
the  school's  whole  story.  For  example,  comments  such  as 
"a  school  nurse  comes  in  on  Wednesdays  and  Thursdays 
to  care  for  the  students'  health  needs"  will  not  be  in- 
cluded. Rather  each  5  to  7  minute  video  will  be  short,  to- 
the-point,  and  punchy.  The  focus  of  each  is  the  special, 
dashing,  exciting  elements  of  the  magnet  progi-ams  that 
make  that  school  unique. 

What  we  are  creating  is  an  "infomercial.**  Infwmation 
is  contained  within  what  is  virtually  a  commercial. 
Conunercial  are  effective  because  they  weave  a  mood, 
paint  a  picture,  or  create  an  impression  instead  of  trying  to 
tell  everything  about  the  product. 

We  plan  to  finish  seven  recruitment  videos  durmg 
1993-1994.  The  remaining  six  videos  will  be  produced 
the  next  year. 

Interactive  Kiosks 

Kiosks  are  used  in  airports  to  dispense  flight  informa- 
tion, at  zoos  to  share  data  about  the  animals,  and  at  hotels 
to  give  guests  access  to  restaurants,  points-of-interest,  and 
recreational  activities.  The  kiosk  is  usually  a  small  screen 
with  touchscreen  access  contained  inside  a  secure  casing. 

In  the  magnet  schools  we  are  tasked  with  getting 
correct,  current  information  to  the  public— and  in  a  way 
that  attracts  and  keeps  attention.  We  decided  to  create  a 
kiosk  that  contains  information  about  magnet  schools,  that 
is  made  spiffy  through  technology  and  multimedia,  and 
that  can  be  moved  from  site  to  site. 


Content.  We  need  the  public  to  understand  why 
magnet  schools  exist,  what  is  available  within  the  magnet 
schools,  what  it  is  like  to  go  to  a  magnet  school,  and  basic 
policies  and  procedures.  Within  the  kiosk  program, 
mformation  is  available  about  the  philosophy  of  voluntary 
racial  integration,  the  history  of  magnet  schools  in  San 
Diego  City  Schools,  bus  transportation,  eligibility 
requirements,  waiting  lists,  categories  of  magnet  pro- 
grams, and  information  about  the  magnet  schools. 

How  It  Works.  Our  kiosk  consists  of  a  case  which 
places  the  screen  at  eye  level  fcM*  an  adult  of  average 
height.  Quadra  700  Macintosh  with  QuickTime,  a 
touchscreen,  a  1.3  gigabyte  hard  drive,  and  an  laserdisc 
player.  The  computer  accesses  the  laserdisc  for  long  bits 
of  video  or  video  that  shows  a  lot  of  action  and  move- 
ment For  short  video  or  "talking  heads,"  we  decided  that 
the  method  for  fastest  access  time  was  QuickTime  movies. 

Here's  how  it  works.  A  person  approaches  tbe  kiosk. 
A  series  of  short  attention-grabbing  messages  play  across 
the  screen  in  an  endless  loop  until  someone  touches  the 
screen.  (We  use  our  public  service  announcements,  thus 
saving  production  time  and  making  use  of  already 
existing  "attention  grabbers"). 

The  person  interrupts  the  PSAs  by  touching  the 
screen.  A  menu  screen  offers  the  cations.  For  example, 
let's  say  the  person  wants  to  hear  about  bus  transportation 
and  touches  the  bus  button.  The  main  menu  disappears.  In 
animation  a  yellow  school  zips  onto  the  screen  and  stops. 
Buttons  ai^ar  offering  access  to  information  about  bus 
transportation  being  free  to  eligible  students,  bus  routes, 
minimum  number  of  riders  necessary  to  start  a  new  route, 
etc. 

Three  students  are  visible  in  the  windows.  When  the 
viewer  touches  a  window,  the  student's  face  changes  from 
graphics  to  a  QuickTime  movie.  The  student  gives  a 
personal  perspective  about  what  it  is  like  to  ride  a  bus  to 
school. 

The  viewer  can  interrupt  any  screen,  return  to  the 
main  menu,  and  choose  to  see  and  hear  other  information. 
We  include  a  number  of  "testimonials"  from  students 
about  their  experiences  in  magnet  schools  to  personalize 
the  information. 

Mobility.  The  kiosk  will  be  housed  close  to  tbe 
information  booth  in  our  district  office  to  be  useful  to 
people  who  come  in  to  ask  about  San  Diego  schools,  but 
we  must  be  able  to  move  the  kiosk  to  different  sites.  The 
kiosk  will  be  used  at  parent  meetings,  community  events, 
and  with  the  general  public.  For  example,  when  a  school 
in  a  target  neighborhood  holds  a  PTA  meeting,  the  parents 
will  have  access  to  information  about  their  options  in 
education.  When  the  magnet  program  has  a  booth  at  a 
major  community  event  at  the  convention  center,  we  will 
use  the  kiosk  to  dispense  informaUon.  The  kiosk  will  be 
set  up  at  shopping  malls  on  days  when  a  large  number  of 
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parents  and  students  are  expected. 

One  of  the  disadvantages  of  the  system  is  that  the 
equipment  is  quite  heavy,  and  it  requires  two  people  to 
move  it  On  the  other  hand,  we  hope  the  weight  gives  us 
some  degree  of  security  against  theft  We  secure  the 
equipment  within  the  case  which  is  itself  locked  and 
equipped  with  a  heavy  chain  that  will  "attach"  the  kiosk 
to  something  (such  as  a  bike  rack)  when  the  kiosk  is  in  a 
public  location. 

The  MuHinnadio  Production  System 

Computer  Equipment  The  basis  of  our  multimedia 
sys^-^^m  is  a  Macintosh  FX  with  160  MB  hard  drive. 
Be  *»*oe  animation  is  very  memory-greedy,  we  have  an 
autiitional  external  hard  drive  plus  a  removable  cartridge 
system.  We  also  have  a  CD  ROM,  XapShot,  black  and 
white  scanner,  and  color  scanner. 

Video  Equipment  We  purchased  two  S VHSA^HS 
Panasonic  editing  decks,  a  TV  monitor,  and  two  video 
cameras  We  round  out  our  video  equipment  with  a  sound 
mixer  and  a  portable  sound  recording  booth. 

Computer  Cards.  The  signal  that  comes  from  a 
compui'er  and  the  signal  from  video  are  not  the  same. 
Something  must  make  the  two  compatible.  Our  link 
between  the  computer  and  the  video  equipment  is  a 
computer  card,  the  TruVision  NuVista+  card.  With  this 
card  in  the  computer,  we  can  "print"  ccnnputer  graphics 
and  animation  to  video,  and  we  can  edit  video,  animation, 
text,  graphics,  action,  music,  and  narration  together  using 
the  computer  as  the  edit  control. 

Software.  I  have  used  computer  animation  software 
called  MacroMind  Director  most  frequendy.  Another 
computer  animation  program  from  the  same  company  is 
Magic,  Magic  has  a  somewhat  shorter  learning  curve  than 
Director.  The  software  that  ties  the  computer  half  with  the 
video  half  of  the  system  is  MacioMind  MediaMaker,  We 
also  use  Studio  32,  MacroMind  3D,  Swivel  3D,  Accelera- 
tor, and  PhotoShop. 

Graphics.  I  have  often  used  the  art  program  that  is  part 
of  Director  to  create  original  art  for  animations.  Our 
scanners  work  overtime  to  scan  images.  Also  we  have 
been  known  to  use  clin  art  for  animations. 

Music  Capability.  Music  is  a  tricky  area  because  most 
music  is  copyrighted.  Yet  having  the  proper  music  to 
undergird  a  production  is  extremely  important.  We  solved 
this  dilemma  by  buying  a  sell-out  library  of  music  on  CD 
ROM  that  permits  us  to  use  the  music  for  99-years  as  long 
as  we  don*t  use  it  to  make  money. 

We  also  bought  the  capability  to  produce  original 
music.  We  have  a  MIDI  system  with  software  for  music 
production  through  the  computer,  a  keyboard,  and 
equipment  that  expands  the  range  of  sounds  from  the 
keyboard. 

This  area  is  still  undeveloped.  We  had  hoped  to  have 


original  music  written  by  the  advanced  music  composi- 
tion class  of  a  local  community  college.  To  date  we  still 
have  not  received  original  music.  Fortunately  we  were 
able  to  get  so  many  tides  on  the  CDs  that  so  far  we  have 
always  found  appropriate  music  themes  for  our  produc- 
tions. 

What  Probteim  Hoiv#  We  Had? 

Naturally  we  have  encountered  challenges  in  multime- 
dia producdon.  The  learning  curve  for  the  software  has 
been  one  challenge.  Seme  of  the  software  can  be  eccen- 
tric. Any  complicated  technical  system  can  break  down, 
and  ours  has.  However,  the  major  problem  has  been  lack 
of  time. 

When  I  first  published  an  article  about  our  use  of 
multimedia  in  marketing,  I  optimistically  projected  diat 
we  might  complete  the  modular  video  format  the  first 
year  we  had  the  system  and  that  we  would  produce  two 
new  PSAs  every  two  months  (Kemey,  1992).  The  reality 
is  that  we  will  not  finish  the  modular  video  fonnats  until 
late  spring  1993.  And  we  have  produced  six  PSAs  instead 
of  two  per  month.  Since  multimedia  marketing  is  only 
part  of  our  responsibilities,  our  production  has  been  a 
litde  slower  than  hoped  for. 

Wlicit  About  Schools  TtKit  Can't  Afford  on 
Expensive  MuHinriGdia  System? 

Our  funding  source  has  a  dual  commitment  to  improv- 
ing academics  and  reducing  racial  isolation  in  the  magnet 
schools.  Funds  were  specifically  targeted  for  permanent 
equipment  to  boost  recruitment. 

Obviously  not  every  school  has  the  finances  to 
purchase  an  elaborate  multimedia  system.  However,  many 
schools  already  have  elements  to  c  J»te  a  multimedia 
production  studio.  Many  districts  have  video  editing 
capability.  The  district  probably  has  ccwmputers  that  are 
capable  of  suj^rting  muldmedia  software. 

To  make  the  computer  and  video  signals  compatible,  a 
special  computer  card  is  needed.  Then,  with  the  purchase 
of  canputer  anunation  software,  the  school  has  created  a 
basic  multimedia  system.  Naturally,  having  all  the  other 
equipment  and  software  that  we  mentionexl  earlier  makes 
the  system  more  effective  and  more  flexible.  But  if  a 
school  already  owns  the  cc«nputer  and  editing  equipment, 
a  few  relatively  inexpensive  purchases  can  get  a  school 
started  in  multimedia  for  less  than  $4,000. 

Then  what  are  they  going  to  do  with  it?  Besides 
marketing  appUcations  and  jazzing  up  video  productions, 
multimedia  is  a  natural  for  curriculum  development  and 
student  projects.  For  example,  last  year  in  one  of  our 
magnet  elementary  schools,  several  sixdi  graders  areated 
an  interactive  lesson  on  the  kelp  beds.  These  11 -year-olds 
researched  the  kelp  forests  and  the  plants  and  animals  tiiat 
live  there.  They  drew  original  pictures  of  die  plants  and 
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animals  which  they  scanned  into  a  Macintosh  in  black  and 
white.  Next  they  used  the  art  features  in  Director  to 
colorize  their  drawings. 

The  students  had  received  only  a  few  hours  training  in 
Director  With  this  basic  training,  they  animated  their 
creatures  and  created  an  undersea  world.  This  animated 
world  was  impressive,  but  the  kids  went  one  step  fur- 
ther—into interactivity.  When  the  viewer  clicks  on  any 
plant  or  animal,  the  screen  changes  from  the  kelp  bed  to 
an  informational  piece  including  an  illustration  of  the 
selected  creature.  Another  click  and  the  viewer  is  teck  in 
that  shadowy  watery  world  with  the  waving  kelp,  skitter- 
ing starfish,  dancing  anemones,  and  swimming  octopus. 

The  kelp  bed  lessons  have  been  featured  on  television 
and  at  a  large  international  multimedia  developers 
conference.  Unimpressed  by  their  fame,  students  at  the 
same  school  embraced  the  somewhat  easier-to-Ieam 
Magic  and  proceeded  to  use  boUi  Magic  and  Director  to 
create  the  animated  human  digestive  system,  illustrated 
works  of  poetry,  and  other  exciting  projects. 

To  Sum  Up 

In  San  Diego  City  Schools  we  have  used  multimedia 
extensively  to  market  our  magnet  schools.  We  have 
public  service  announcements  airing  on  television,  and  we 
produce  new  "commercials"  to  continue  to  flood  the 
public  with  information  about  our  fine  programs.  We 
have  created  **modular  video'*  in  response  to  our  schools' 
desperate  need  to  have  up-to-the-moment  recruitment 
videos.  We  have  designed  our  prototype  kiosk  and  will 
complete  all  aspects  of  the  kiosk  project  over  the  next  two 
years.  In  the  future  San  Diego  City  Schools  plans  to 
continue  school  marketing  using  multimedia  and  promote 
the  continued  expansion  of  multimedia  into  curriculum. 
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What  1$  Virtual  RodBy? 

Virtual  reality  is  the  special  interacdon  between 
human  and  computer  which  allows  the  person  to 
have  the  sensation  of  being  inside  and  actively 
engaged  in  the  three  dimensional  computer  "world."  To 
become  fully  unmersed  mto  virtual  reality,  the  person 
wears  a  "head-mounted  display  heUnet,"  goggles,  or 
special  glasses  and  navigates  through  the  computerized 
image  with  a  computerized  glove,  "wand,"  joysUck  or  3D 
mouse. 

Thus  equi^jed,  the  virtual  world  traveller  can  view 
the  artificial  "world"  of  the  computer  from  the  inside.  The 
3D  graphics  world  appears  to  be  above,  beneath,  and  all 
around,  hence  a  sense  of  being  fully  immersed  and  being 
able  to  move  or  "fly"  all  around  the  virtual  environment. 

Virtual  reality  as  described  above  is  a  recent  techno- 
logical phenomenon  although  it  had  beginnings  in 
research  and  experimentation  by  academics  and  military 
designers  as  early  as  the  1960s.  The  cunent  term,  "virtual 
reality,"  was  coined  in  the  1980s.  VR  quickly  engaged  the 
public  imagination,  and  hardly  a  week  passes  without 
some  mention  of  virtual  reality  in  the  press  or  on  televi- 


sion. 


Who  Cores? 

Many  experts  are  of  the  opinion  that  entertainment 
will  drive  VR's  development.  Wildly  popular  entertain- 
ment uses  VR  such  as  Battletech  in  Chicago,  Fighter 
Town  in  Irvine  CA,  and  Viriuality's  "Dactyl  Nightmare" 
gamecenters  around  the  world.  Home  entertainment 
companies  such  as  Nintendo  and  Sega  are  threatening  to 
place  virtual  reality  in  the  home  by  1993. 

Other  fields  of  endeavor  that  use  virtual  reality  now  or 
that  have  plans  to  develop  virtual  reality  soon  are  medi- 
cine, finance,  data  management,  training,  and  architec- 
ture. VR  is  used  in  the  remodeling  of  kitchens  in  Japan 
and  the  design  of  the  Berlin  subway  system. 

Physicians  are  interested  in  VR  applications.  Several 
hundred  doctors  and  people  affiliated  with  the  medical 
community  recently  attended  a  "Medicine  Meets  Virtual 
Reality"  conference  to  investigate  VR  medical  solutions. 
Virtual  reality  is  truly  just  "meeting"  medicine  at  present; 
most  practical  applications  still  lie  in  the  future,  But  with 
teleoperations,  medical  training,  practice  surgery,  aid  to 
die  disabled,  and  psychological  therapy  becoming 
realistic  possibilities,  the  medical  field  seems  to  be  taking 
virtual  reality  seriously. 

Whot  About  VR  in  Eckication? 

If  you  happen  to  attend  a  virtual  reality  conference,  at 
least  one  speaker  is  certain  to  name  education  as  a 
potentially  huge  field  for  VR  applications.  But  if  you  ask 
who  is  using  VR  at  present,  you  discover  that  few  school 
districts  or  educational  institutions  have  taken  advantage 
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of  this  technology — ^yet. 

To  date  virtual  reality  has  been  used  at  several 
pioneering  educational  centers.  West  Denton  High,  in  an 
impoverished  area  in  England,  has  introduced  the  design 
of  a  virtual  city  where  different  languages  are  spoken  to 
teach  foreign  languages.  The  Pacific  Science  Centers  in 
conjunction  with  the  Human  Interface  Technology  Lab  of 
the  University  of  Washington  ran  VR  summer  camps 
daring  1991  and  1992.  During  these  weeklong  camps, 
students  in  fifth  through  eight  grades  learned  computer 
skills,  planned  their  projects  (called  **worlds"  in  VR 
vernacular),  designed  3D  objects  to  people  those  worlds, 
and  put  on  the  VR  gear  to  **fly**  through  the  wwlds  they 
created. 

Our  office  has  recently  joined  in  a  partnership  with  the 
San  Diego  Supercomputer  Center  to  develop  simOar 
virtual  reality  summer  institutes  at  the  UCSD  campus 
during  the  summers  of  1993, 1994,  and  1995.  The 
Supercomputer  Center  is  seeking  special  funding.  If 
funded,     students  plus  six  teachers  from  math/science/ 
computer  magnet  schools  will  experience  weeklong 
camps  in  virtual  reality  at  the  Supercomputer  Center. 

At  a  recent  conference  attended  by  this  author,  experts 
in  virtual  reality  from  such  organizations  as  AT&T,  SRI, 
and  NASA  were  asked,  "What  is  keeping  virtual  reality 
out  of  education?*  Their  answers  included: 

•  Virtual  r  ality  is  too  expensive  for  schools. 

•  The  technical  quality  of  VR  is  not  quite  good  enough. 

•  The  imagination  may  be  lacking  in  education  to  make 
it  happen. 

Our  school  district  has  plans  to  overcome  these 
challenges  and  use  VR  with  students  at  the  elementary, 
middle,  and  high  school  levels. 

Vlhdl  About  the  Chollangds? 

Is  a  marriage  between  virtual  reality  and  education 
realistic?  To  become  widespread  in  education,  virtual 
reality  must  answer  instructional  ne^,  motivate  students, 
have  technical  quality,  find  educators  with  imagmation, 
and  fall  within  a  school's  budget. 

Instructional  Neods 

Because  of  the  nature  of  virtual  reality,  education  can 
reap  huge  benefits  from  using  VR  witii  students.  Educa- 
tors are  always  seeking  solutions  that  allow  students  to 
see  and  hear  lessons  but  also  to  "experience'*  learning.  In 
addition,  teachers  have  always  believed  that  students  learn 
by  domg— and  by  teaching  what  they  know  to  others. 

Virtual  reality  meets  mstructional  needs  by: 

•  iiKTCasingcoopeiative  learning  oppo^^ 

abilities  by  bringing  together  small  groups  of  students  to 
design  and  buikl  a  'Virtual  worid"  including  its  instructional 
objectives  and  content; 

•  owning  imaginatwn  and  creativity  by  aUowing  students  to 


design  and  create  the  3D  innages  whkJi  vvill  populate  the 
virtual  worids  using  three^limenskiial  nK)deling  coi^^ 

programs; 

•  aHowing  for  success  for  students  who  may  not  succeed  at 
the  usual  instructiciial  tasks  of  readmg  and  vmting  or  who^ 
English  skills  may  be  inadequate  by  pix>\iding  an  alternative 
learning  method  in  3D  modeling  and  construction  of  objects 
in  the  computer  worid; 

•  improving  computer  skills; 

•  motivating  students  to  want  to  participate  in  the  learning 
experieoce; 

•  engaging  the  students  through  various  learning  styles  while 
inside  the  virtual  worid  by  aUowing  the  learner  to  see,  to 
bear,  ao  *1oudi"  objects,  and  to  move  object&--ii  shot  to 
interact  with  computcf-geneiated  ol^ects  and  people; 

•  alk>wingtheleaniertoe)q)eriencesituatk)nsthatmaybe 
impc^^l)le  or  distant  or  dangerous  in  tfaereal  wcrW  but 

which  can  be  created  and  then  interacted  with  in  the  virtual 
worid. 

Student  Motivation 

Most  students  enjoy  designmg  original  art  projects. 
Three-dimensional  art  adds  depth  and  complexity  Uiat 
appeal  to  youthful  designers.  In  addition,  using  computer 
art  programs  provides  a  new  artistic  medium. 

Virtual  reality  is  mieractive.  Once  in  the  VR  worid, 
tile  student  interacts  directiy  with  objects  and  images. 
Many  educators  will  cite  interactivity  as  an  important 
motivating  factor  for  students. 

Re^arch  suggests  tiiat  students  are  highly  motivated 
by  creating  and  using  virtual  reality.  Reports  from  the 
Human  Interface  Technology  Lab  in  Seattie  indicates  that 
kids  using  virtual  reality  would  ratiier  "go  into  a  virtual 
world"  than  play  a  video  game,  use  tiieir  favwite  com- 
puter program,  or  watch  TW~by  an  ovemhelming 
margin  (Bricken  &  Byrne,  1992). 

Tectinicol  Quality 

The  criticism  tiiat  quality  is  low  in  virtual  reality  is 
valid.  It  is  said  tiiat,  when  in  tiie  vhtual  environment,  a 
person  is  'legally  blind,**  However,  technical  experts  in 
the  field  say  that  the  quality  will  improve  rapidly.  The 
equipment  thst  San  Diego  City  Schools  proposes  to 
purchase  is  of  sufficientiy  high  quality  tiiat  the  level  of 
vision  is  not  distracting  to  tiie  person  in  the  virtual  world. 

Imaginotion 

Excitement  is  rippling  tiirough  the  tiiree  schools  where 
virtual  reality  is  proposed.  Teachers  have  aheady  started 
planning  imaginative  projects  to  entice  and  stimulate  tiieir 
students.  Witii  Uie  teachers  who  have  committed  them- 
selves to  this  project,  neitiier  imagination  or  entiiusiasm  is 
a  problem.  The  school's  ideas  for  projects  will  be  dis- 
cussed later. 
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Budget 

Virtual  reality  costs  are  plummeting  as  the  technology 
becomes  more  widespread.  Until  recently  the  cost  was 
much  too  expensive  for  schools.  A  high  end  VR  system 
could  cost  hundreds  of  thousands  of  dollars.  Now  a 
complete  virtual  reality  development  and  run-time  system 
costs  less  than  $15,000. 

The  initial  design  and  development  of  virtual  reality 
can  be  aeated  with  3D  software  on  PCs  or  Macs.  A 
school  needs  only  one  complete  VR  system  (computer, 
special  virtual  reality  software,  a  "head-mounted  display," 
a  tracking  system  to  link  the  head-mounted  display  to  the 
computer,  and  a  navigational  tool)  to  allow  students  to 
"enter"  the  VR  "world." 

Virtual  Reolity  in  Son  Diego  Magnet  Schools 

In  San  Diego  City  Schools*  magnet  programs,  we  plan 
to  introduce  virtual  reality  as  a  learning  tool  during  1993- 
94  into  three  magnet  schools  each  of  which  already  has  a 
technology  focus: 

•  ChoUas  Math  Science  Magnet  (K-6), 

•  Keiller  Academy  for  Science  and  Technology  (6-8), 
and 

•  Lincoln  Preparatory  High  School  for  Medical  Careers, 
Humanities,  and  Foreign  Languages  (9-12). 

Virtual  Reality  in  on  Elennentary  School 

Chollas  is  an  elementary  magnet  school  that  focuses 
r  math  and  science  and  has  a  strong  technology  compo- 
nent which  support  those  subjects.  The  proposal  is  to 
integrate  virtual  reality  into  the  math  and  science  curricu- 
lum. 

Chollas  students  will  design  their  virtual  environments 
in  the  already  existing  Macintosh  computer  lab.  The  VR 
system  will  be  used  to  convert  the  graphics,  assign 
"characteristics"  (colws,  color  changes,  gravity,  no 
gravity,  movement,  etc.)  to  the  objects,  and  allow  students 
to  "entei'*  the  worids  they  have  made.  The  VR  system  is 
portable  and  can  be  housed  in  the  lab  or  moved  from 
room  to  room  on  a  rotation  basis. 

The  following  are  among  several  proposed  virtual 
reality  projects: 

•  Older  students  create  a  virtual  world  focusing  on 
colors  and  shs^s.  Younger  children  use  the  world  to 
reinforce  learning. 

•  Science  students  identify  molecules  in  Uie  virtual 
world  and  create  new  molecules  by  moving  atoms 
around. 

•  Students  create  and  visit  a  virtual  solar  system  wiUi 
planets  correct  in  appearance,  relative  size,  and 
distance  from  the  sun. 

•  Math  students  manipulate  maUi  concepts  from  inside 
the  virtual  world. 

•  Science  students  visit  the  digestive  track  (from  the  inside). 


•  Chollas*  young  scientists  design  a  gravity-less  worid. 

•  Students  meet  and  interview  Uie  (virtual)  people  who 
have  molded  present  day  matii  and  science. 

Virtuol  Reality  in  a  Middle  School 

At  Keiller  Academy  of  Science  and  Technology  two 
teachers  pr(^se  to  introduce  virtual  reality,  one  a  sixth 
grade  core/social  studies  teacher,  the  other  a  sevenUi  and 
eight  grade  science  teacher.  The  two  virtual  reality 
systems  will  be  housed  in  tiieir  rooms  although  tiiey  may 
be  moved  to  oUier  classes  for  demonstrations  or  instruc- 
tion. 

Keiller  has  introduced  die  following  among  oUier 
ideas  as  virtual  realitcy  projects: 

•  Science  students  develop  a  virtual  room  wiUi  science 
apparatus  and  safety  equipment.  Students  demonstrate 
their  recognition  of  science  equipment  and  tiieir 
knowledge  of  safety  rules. 

•  Science  students  develop  a  room  witii  sunple  ma- 
chines on  which  students  place  weights  on  a  lever  to 
demonstrate  how  the  mass  and  distance  from  tiie 
fulcrum  affect  tiie  operation  of  Uie  lever.  Many  otiier 
machine  concepts  can  be  designed  into  tiie  virtual 
rocHn. 

•  Since  middle  school  students  are  often  gamemasters, 
students  design  interactive  virtual  reality  games  which 
teach  science  concepts. 

•  Sixtii-graders  will  use  virtual  reality  in  social  studies. 
Imagine  students  applying  tiieir  knowledge  of  Uie 
ancient  worid  by  creating  an  Egyptian  city  where  Uiey 
can  enter,  "w£Jk"  Uirough,  and  discourse  witii  ancient 
Egyptians! 

•  The  school  will  provide  an  after  school  special  interest 
club  to  expand  virtual  reality  to  Uiose  who  are  high  ly 
motivated  and  provide  extra  time  for  studerkts  who  are 
especially  motivated  by  Uie  technology. 

Virtual  Reality  in  a  High  School 

Lincoln  Preparatory  High  School  is  a  healUi  profes- 
sions, humanities,  and  foreign  languages  magnet.  Lincob 
plans  to  hire  a  special  curriculum  writer/p-oject  manager 
to  plan  and  oversee  Uie  virtual  reality  projects.  Virtual 
reality  will  be  used  in  student  projects  in  medical  profes- 
sion classes  during  1993-1994.  The  following  year  virtual 
reality  will  expand  into  English  classes  to  allow  all 
students  to  experience  virtual  reality. 

Lincoln  will  integrate  virtual  reality  into  its  magnet 
wiUi  student  projects  such  as: 

•  Medical  students  can  work  with  medical  emergencies 
in  a  virtual  hospital. 

Implementation  and  Comnrtitment 

The  heavy  demands  of  teaching  can  distract  even  the 
best-intentioned  teacher.  To  ensure  Uiat  Uie  virtual  reality 
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p-^jects  kftep  on  track,  we  plan  for  a  central  resource 
teacher  to  coordinate  the  virtual  reality  projects  at  the 
schools.  Teachers  from  each  of  the  schools  will  be  trained 
on  the  3D  modeling  software  and  the  virtual  reality 
system.  Teachers  integrating  virtual  reality  into  their 
classrooms  will  have  paid  curriculum  development  time 
to  plan  and  design. 

What  Could  Go  Wrong? 

Implementing  virtual  reality  into  the  schools  as 
proposed  here  is  dependent  upon  renewed  grant  funding. 
Our  office  has  been  funded  through  the  Federal  Magnet 
Schools  Assis  -^nce  Grant  for  the  past  four  years.  We  are 
including  the  introduction  of  VR  as  part  of  our  proposal 
for  the  1993-1995  grant. 

If  our  grant  is  not  funded,  implementation  of  virtual 
reality  will  probably  not  come  to  a  screeching  halt 
because  excitement  is  too  high  in  the  schools.  However, 
the  virtual  reality  project  is  not  likely  to  be  as  extensive  as 
described  here. 

To  Sum  Up 

In  ^>an  Diego  City  Schools  magnet  programs  we 
propose  to  link  critical  thinking,  aeativity,  and  technol- 
ogy through  student  projects  using  virtual  reality.  Stu- 
dents apply  problem  solving  when  they  plan  the  instruc- 
tion and  use  visual/artistic  skills  when  they  create  three- 
dimensional  graphics.  Virtual  reality  is  an  open  invitation 
for  students  to  explore  their  own  creativity  and  unlock 
their  imaginations  through  cutting  edge  technology. 

Perhaps  San  Diego  may  be  adventuresome  by  intro- 
ducing virtual  reality  as  a  learning  tool,  but  signs  indicate 
timt  virtual  reality  may  become  as  common  in  the  future 
as  desktop  computers  are  today.  In  our  magnet  schools, 
we  want  to  get  our  students  ready  for  the  future,  and  we 
are  comniitted  to  using  technology  and  teaching  tools  that 
prepare  our  students  in  the  most  effective  way  we  can 
imagine.  Virtual  reality  may  prove  to  be  just  such  a  tool. 
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Introduction 

Most  educators  agree  that  instructional  programs 
which  facilitate  the  learning  process  share 
common  qualities.  These  qualities  include;  (a) 
instruction  which  is  relevant  to  the  learner's  needs,  (b)  an 
instructional  format  which  is  impropriate  to  the  learner's 
learning  style  and,  (c)  instruction  which  encourages 
active — rather  than  passive — learning. 

The  development  of  interactive  multimedia  programs 
over  the  past  ten  years  has  demonstrated  the  potential  of 
interactive  technologies  in  meeting  these  needs.  Video 
disc,  compact  disc  read-only-memory  (CD-ROM),  and 
computer  driven  instruction  are  three  of  the  most  common 
forms  currently  available.  Unfortunately,  these  programs 
are  still  few  in  number,  and  are  not  always  compatible 
with  established  curriculum  needs.  Teachers  must  often 
resort  to  vmting  their  curricula  around  existing  multime- 
dia programs. 

Because  of  these  detriments,  many  school  districts 
have  hesitated  to  invest  money  in  technologies  which 
currently  have  limited  promise  in  meeting  the  needs  of 
their  teachers  and  students.  Fortunately,  an  alternative  is 
now  available  which  allows  curriculum  directors,  teach- 
ers, and  even  students  to  easily  assemble  interactive 
multimedia  presentations  without  the  common  limitations 
often  associated  with  site-developed  multimedia  pro- 
grams. This  alternative  is  the  interactive  videotape,  driven 
by  an  authoring  program  such  as  HyperCard™ . 

Interactive  Multimedia  Revisited 

Ambron  and  Hoc^r  describe  interactive  multimedia 
as  "a  collection  of  computer-centered  technologies  that 
give  a  user  the  capability  to  access  and  manipulate  text, 
sounds,  and  images*'  (1990,  p.  xi).  In  recent  years,  the 
potential  of  interactive  multimedia  has  generated  excite- 
ment within  the  educational  arena  because  of  the  advan- 
tages of  this  media  over  the  more  traditional,  linear 
formats.  Being  interactive,  the  media  demands  that  the 
user  participate  not  as  a  passive  viewer,  but  an  active 
participant  By  riaking  choices  which  direct  ensuing 
instruction,  the  user  engages  in  a  variety  of  higher  level 
thinking  skills  based  on  the  analysis,  synthesis,  or 
evaluation  of  previously  presented  material.  In  addition, 
because  it  is  the  learner  who  is  choosing  the  path  through 
the  instruction,  the  locus-of-control  is  shifted  away  from 
the  designer  and  back  to  the  user  (Florin,  1990).  This 
permits  the  user  to  **discover'*  the  knowledge,  which  in 
turn,  makes  the  knowledge  more  meaningful  and  memo- 
rable. 

Because  the  material  is  presented  in  a  multimedia 
format,  it  often  offers  the  user  mulUple  repre-sentations  of 
the  same  information.  Whereas  some  students  may 
undeistand  the  material  as  initially  presented,  other 
students  will  learn  more  effectively  or  efficiently  if  the 
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material  is  presented  in  alternate  fonnats.  Howard 
Gardner  describes  this  variation  in  learning  formats  as 
multiple  inteUigences  (1983).  He  has  described  se  ven 
separate  types  of  personal  intelligence:  logical-math- 
ematical, linguistic,  bodily-kinesthetic,  musical,  spatial, 
inteipersonal,  and  intrapersonal.  Although  autonomous, 
these  learning  modalities  can  combine  to  allow  deeper 
meaning  and  learning  to  take  place.  An  advantage  of 
interactive  multimedia  is  that  the  user  can  not  only  favor 
his  or  her  preferred  learning  style,  but  by  presenting  the 
material  in  multiple  modalities,  the  various  "intelli- 
gences*' are  stimulated  and  help  deepen  the  learning. 
According  to  Jenkins,  this  multifaceted  api^^oach  helps: 
(a)  extend  the  sensory  content  (providing  information 
through  music,  video,  animation,  etc);  (b)  provide 
multiple  learning  contexts  (compressing  hours  into 
seconds,  or  changing  visual  perspecUve);  and  (c)  offer  a 
safe  environment  for  "risk  taking,  experimentation, 
exploration,  and  problem  solving/*  (1990,  p.  117). 

Although  interactive  multimedia  has  far  reaching 
applications,  there  are  dangers  inherent  with  this  format. 
Most  noticeable  is  the  increase  in  cognitive  load  as  the 
user  navigates  through  the  material  (Oren,  1990).  Know- 
ing where  one  has  been,  where  one  presendy  is,  and 
where  one  is  going  is  a  constant  problem  as  users  move 
away  from  the  main  menu.  A  second  problem  is  that 
developers  and  users  often  assume  that  if  they  are 
working  with  interactive  multimedia,  they  will  automati- 
cally be  accelerating  their  learning.  However,  interactive 
multimedia  doesn't  guarantee  success  any  better  than 


having  a  dictionary  guarantees  the  proper  spelling  of 
words. 

Interactive  Formats 

Cuirendy,  there  are  three  major  formats  in  which 
interactive  multimedia  projects  are  being  developed  (see 
Table  1).  These  fonnats  vary  in  their  storage  form 
(magnetic  or  optical),  signal  type  (digital  or  analog), 
developmental  location  (factory  or  in-house),  storage 
capacity  (80  mb  to  1,200  mb),  and  idiosyncratic  advan- 
tages and  disadvantages.  Because  of  these  variables,  an 
all-purpose  format  has  yet  to  emerge. 

The  computer  is  die  most  well-known  form  of 
interactive  instruction.  The  high  access  speed  of  today's 
computers  allow  sound,  graphics,  and  text  to  be  presented 
to  the  user  ahnost  immediately  upon  request.  Instructional 
software  can  be  created  and  modified  by  the  teacher  to 
meet  specific  instructional  needs.  The  software  can  then 
be  duplicated  for  use  by  several  users  at  a  time  with  no 
loss  of  data  between  duplications.  The  relatively  small 
storage  capacity  of  the  magnetic  format,  however,  limits 
the  computer  to  relatively  short  segments  of  sound  or 
video  encoded  into  the  disc.  Because  video  and  sound  are 
often  critical  components  of  interactive  multimedia,  the 
lack  of  space  to  store  large  files  constrains  Uie  use  of 
computers  as  stand-alone  sources  for  multimedia.  As 
larger  storage  capacities  and  better  data  compression 
become  more  commonplace,  this  constraint  will  diminish 
over  time. 

Because  of  its  increased  storage  potential,  optical  data 


Table  1 

Attributes  of  Multimedia  Formats 

Type 

Medium 

Storage  Capacity 

Advantages 

Limitations 

Computer 

Magnetic 

80  mb 
is  conwnon 

Fast  access 
Digital  signal 
Customizable 

Limited  storage 
Minimal  video 
capabilities 

CD-ROM 

Optical 

650  mb 

Fast  access 
Digital  signal 

Low  availability 
Read  only 
Must  purchase 

Videodisc 

Optical 

--1,200  mb 
54,000  frames 
1  hr.  video/side 

Fast  access 
Freeze  frame 
Digital  signal 

Low  availability 
Read  only 
Must  purchase 

Interactive 

Magnetic 

7,000  mb 
6  hours  video 

Customizable 
Abundant  resources 
Low  cost 

Slow  access 
Analog  signal 
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systems  are  increasingly  being  used  for  multimedia 
applications.  With  its  compact  design,  CD-ROM  may 
well  develop  into  the  multimedia  choice  in  the  future. 
Today,  however,  available  instructional  products  in  CD- 
ROM  format  are  rare,  and  teachers  are  often  left  to  design 
instruction  around  the  CD-ROM  program  rather  than 
integrating  the  program  into  the  instruction.  The  slow 
acceptance  of  this  format  has  occurred  because  they  axe 
somewhat  limited  in  their  ability  to  store  full-motion 
video,  and  access  time  is  currently  much  slower  than  a 
typical  computer  hard  drive. 

The  videodisc  is  a  format  similar  to  tLe  CD-ROM.  but 
designed  more  for  the  stwage  of  video  and  sound  data.  Its 
larger  size  allows  it  to  hold  up  to  an  hour  of  full-motion 
video  with  accompanying  audio  on  each  side.  Other 
advantages  include  its  quick  access  time  to  any  frame,  and 
its  ability  to  freeze  on  a  single  frame  without  causing  any 
damage  to  the  disc  or  player.  Like  the  CD-ROM,  the 
videodisc  is  currenUy  a  write-only  medium,  meaning  it 
cannot  be  altered  after  purchase. 

Which  medium  is  best?  Because  each  media  has  its 
own  advantages  and  disadvantages,  there  is  no  clear-cut 
answer  to  this  question.  The  choice  revolves  around  the 
available  equipment,  available  software,  instructional 
objectives,  and  on  whether  the  teacher  is  planning  to 
purchase  or  develop  the  multimedia  presentation.  Most 
advantageous  would  be  a  medium  which  has  the  best 
characteristics  of  the  video  disc,  CD-ROM,  and  computer. 
Although  such  a  medium  does  not  yet  exist,  a  fourth 
choice  is  now  available.  It  fills  a  specific  niche  because  it; 
(a)  allows  the  teacher  to  create  a  unique  multimedia 
product  specific  to  his  or  her  needs,  (b)  allows  the  learner 
to  access  a  great  deal  of  audio  and  video  information,  and 
(c)  is  inexpensive.  This  medium  is  the  interactive  video- 
tape. 

The  intoroctive  VCR 

Description 

The  serially  controlled  video-casse*  .e  recorder  (VCR) 
is  a  recent  development  in  interactive  video  technology. 
The  VCR  is  equipped  with  a  microprocessor  and  serial 
port  which  allow  conunands  to  be  sent  to  the  VCR  via  a 
computer.  The  microprocessor  reads  the  codes  and  directs 
Uie  VCR  to  perform  the  corresponding  Junction  such  as 
play,  stop,  or  rewind.  The  VCR  can  also  perform  normal 
functions  using  the  controls  on  die  VCR  face  plate. 

Advantages 

The  price  of  creating  a  multimedia  product  on  most 
conventional  media  is  considerable.  The  cost  for  pressing 
a  single  videodisc  from  a  T*  master  videotape  is  approxi- 
mately $300.  The  cost  of  creating  a  CD-ROM  is  similarly 
high.  In  addition  to  the  initial  cost,  because  a  videodisc 
and  CD-ROM  can  only  be  written  to  once  (read  only 


media),  these  materials  cannot  be  revised  or  updated. 

The  interactive  VCR  provides  the  teacher  wiUi  Uie 
power  to  design  and  develop  his  or  her  own  interactive 
lessons  from  start  to  finish  at  the  cost  of  a  single  video- 
tape. No  longer  limited  to  instructional  content  offered  on 
videodisc  or  CD-ROM,  the  developer  can  tape  material 
with  a  camcorder  and  use  Uie  videotape  as  the  source 
material.  With  Uie  addition  of  an  auUioring  system  such  as 
HyperCard™,  inexpensive  interactive  multimedia 
products  can  be  aeated.  Students  wiUi  adequate  experi- 
ence wiUi  a  camcorder  and  auUioring  system  also  have  Uie 
opportunity  to  create  Uieir  own  interactive  products.  In 
addition  to  newly  taped  material,  video  from  television, 
movies,  documentaries,  news  clips,  and  oUier  archive 
sources  can  be  readily  used  as  a  stand  alone  video  source 
or  integrated  piece-by-piece  into  a  custcwi-made  tape. 

The  :3sk  of  finding  relevant  existing  v'deo  materials  to 
match  instructional  objectives  is  mi^ch  easier  in  Uie 
videotape  format  Uian  wiUi  videodisc  or  CD-ROMs.  Not 
only  axe  videotape  materials  more  plentiful,  but  Uiey  are 
significanUy  less  expensive.  In  addition,  because  Uiey  are 
more  available,  more  widely  used,  and  offer  greater 
diversity,  administrators  are  more  likely  to  fund  videotape 
expenditures  in  Uie  belief  Uiat  because  Uie  materials  can 
be  used  by  a  larger  number  of  faculty,  Uiey  are  more  cost- 
effective. 

In  addition  to  its  use  as  an  instructional  product  for  Uie 
individual  learner,  Uie  interactive  VCR  can  serve  as  a 
useful  tool  for  video  indexing.  A  video  index  made  of 
resource  tapes,  complete  wiUi  names  and  time  counts  of 
useful  video  segments,  allows  for  easy  access  to  appropri- 
ale  materials.  This  procedure  would  circumvent  Uie  time- 
consuming  procedure  of  fast  forwarding  and  rewinding  to 
locate  a  desired  segment,  and  allow  the  teacher  to  be  free 
to  focus  attention  on  Uie  day's  lesson  while  the  VCR 
locates  Uie  segment.  This  application  of  Uie  VCR  also 
adds  a  new  dimension  to  activities  involving  Uie  VCR:  Uie 
teacher  has  Uie  power  to  replay  certain  segments,  skip 
unwanted  video  portions,  and  perform  oUier  functions 
which  boUi  remove  irrelevant  materials  while  providmg 
time  for  student  interactions. 

Limitations 

Despite  Uie  flexibility  which  Uie  interactive  VCR 
enjoys  over  Uie  videodisc  player,  it  is  still  bound  by  Uie 
limitations  inherent  wiUiin  Uie  medium.  The  most 
noticeable  is  Uie  longer  access  time  needed  to  locate  a 
segment.  Whereas  most  videodisc  segment  can  be 
accessed  wiUiin  two  seconds,  a  needed  segment  on  Uie 
opposite  end  of  a  30-minute  videotape  will  require  a  fuU 
minute  to  be  located  by  Uie  VCR  at  full  speed. 

A  second  limitation  of  Uie  interactive  VCR  is  its 
inability  to  maintain  a  still  video  image.  When  compared 
to  a  videodisc,  most  VCRs  not  only  lack  Uie  abilii^  to 


184  Technology  and  Teochor  Education  Annual  — 1993 

ERiC 

197 


display  a  clear  still  frame,  but  a  long  pause  puts  excessive 
wear  on  the  tape,  resulting  in  tape  stretch,  dropout,  and 
dirtying  of  the  VCR  playback  heads.  Many  VCRs 
automatically  stop  when  the  machine  is  held  on  pause  for 
too  long  a  period  of  time. 

Most  low-end  commercial-grade  VCRs  do  not  use 
time  code  to  determine  the  location  of  a  tape  in  the  VCR. 
Many  use  a  much  less  expensive  method:  they  gauge  the 
speed  of  the  rollers  which  transport  the  tape  and  approxi- 
mate the  amount  of  tape  which  has  passed  through  the 
rollers.  The  inaccuracy  of  this  method  is  not  great,  but 
will  become  significant  if  the  tape  needs  to  be  accurate  to 
a  fraction  of  a  second.  Further  inaccuracy  is  caused  when 
the  tape  is  repeatedly  fast  forwarded  and  rewound. 

Interactive  vCR  Strategies 

To  minimize  the  limitations  of  the  VCR,  teachers  can 
employ  a  variety  of  strategies  when  using  or  developmg 
videotapes  for  use  m  interactive  lessons.  These  strategies 
include: 

1)  Calibrate  the  VCR  periodically  during  the  lesson.  This 
can  be  done  by  rewinding  the  tape  to  the  beginnmg 
and  resetting  the  VCR  counter  to  zero.  Because  this 
action  takes  time  to  perform,  it  should  be  used 
sparingly.  Fortunately,  some  players  can  initiate  this 
action  from  script  commands  sent  by  the  computer. 

2)  Keep  the  most  often  used  video  segments  near  the 
beginning  of  the  tape.  Placing  segments  near  the 
beginning  of  the  tape  will  allow  you  to  periodically 
calibrate  the  VCR  while  accessing  them  with  a 
minimal  loss  of  time. 

3)  Place  segments  adjacent  to  one  another  which  wiU 
probably  follow  each  other  during  the  lesson.  This  will 
minimize  access  time  between  most  segments. 

4)  Use  the  computer  screen  to  provide  infcnmation  while 
the  VCR  is  cueing  to  a  segment.  This  will  maintain  the 
learner's  attention  on  the  mstructional  material  while 
the  VCR  is  cuemg  to  the  next  segment. 

5)  Allow  about  two  seconds  of  dead  time  between  video 
segments  when  producing  your  own  in:>tructional 
video  material.  This  will  prevent  overlapping  of 
segments  caused  by  inaccuracy  in  the  VCR  counter 
mechanism. 

Using  HyperCard™  wHti  ttie  AG-1960/RS 

The  Instructional  Media  Lab  (IML)  at  San  Diego  State 
University  uses  the  AG-1960/RS,  a  Panasonic  VCR 
which  has  been  converted  to  serial  control  by  Selectra 
Corporation.  The  conversion  allows  the  player  to  be 
controlled  by  either  a  Macintosh  or  DOS  computer. 
Selectra  does  not  convert  existing  machines  as  an  after- 
market  service,  but  instead  sells  the  complete  VCR  unit 
and  controlling  software  for  $1,865. 

The  AG-1960/RS  was  purchased  by  the  IML  to  be 


controlled  with  a  Macmtosh  computer.  The  purchased 
package  mcluded  the  player,  a  software  application  for 
controllmg  the  VCR  through  a  palette  with  VCR-like 
icons,  and  a  HyperCard™  stack  which  mcluded  resources 
for  controllmg  the  VCR.  When  these  HypeiCard™ 
resources  are  installed  into  other  HypeiCard^  stacks, 
conmiands  can  be  placed  mto  object  scripts  which 
perform  VCR  functions  at  specified  times. 

Unlike  Level  III  videodisc  systems,  the  VCR  drivers 
for  the  AG-1960/RS  do  not  require  the  mstallation  of 
special  files  into  the  System  Folder  of  the  Macintosh.  This 
convenient  feature  allows  the  VCR  to  be  controlled 
through  any  Macmtosh  without  special  preparation. 

Because  the  HyperCard™  stack  included  with  the 
VCR  was  not  well  suited  to  the  needs  of  the  IML,  a 
developer's  stack  was  created  on  site  which  mcluded  a 
resource  copier,  built-in  video  palette,  and  simplified 
script  ccwmfiands  for  controllmg  the  VCR, 

AH  normal  VCR  functions  can  be  performed  through 
the  computer,  including  tape  transport,  counter  reset, 
power  on  and  off,  and  eject.  The  VCR  can  also  be 
commanded  to  cue  to  a  specific  counter  location,  play  a 
segment,  play  from  a  ftame,  or  play  to  a  ftame. 

Hie  VCR  can  also  be  used  as  a  simple  video  editor.  It 
performs  mdependent  audio  and  video  insert  editing  from 
and  to  selected  counter  locations.  Its  capabilities  are 
limited  in  this  domain,  however,  because  only  one  VCR 
can  be  controlled  through  the  computer:  the  source  VCR 
would  need  to  be  controlled  manually. 

Hie  Selectra  VCR  has  a  unique  command  A^hich 
rewinds  the  tape  currently  in  the  VCR  ♦o  the  beginning, 
then  resets  the  counter  to  zero.  This  calibrate  command 
corrects  any  inaccuracies  in  the  location  of  the  tape  withm 
the  VCR  caused  by  slippage  through  the  tape  transport 
mechanism. 

A  problem  encountered  with  the  microprocessor  of  the 
AG-196(yRS  was  an  occasionally  freeze  up,  preventing 
the  VCR  from  operating  through  the  computer.  When  this 
occurs,  the  user  is  required  to  unplug  the  VCR  for  a  few 
seconds,  then  plug  it  back  in.  This  clears  all  commands 
from  the  microprocessor,  allowmg  the  VCR  to  again 
perform  normally.  Outside  of  this  occasional  inconve- 
nience, the  machine  has  been  very  responsive. 

Conclusion 

Teachers  today  face  the  dilenuna  of  preparing  students 
for  a  technological  world  with  a  scarcity  of  resources. 
They  must  find  materials  which  fit  their  curriculum  and 
yet  are  mexpensive.  The  mteractive  VCR  offers  a 
promismg  solution.  This  product  provides  a  unique  way 
of  allowing  teachers  to  create  original  interactive  multi- 
media products  for  the  classroom  with  more  flexibility 
than  the  computer  alone,  yet  at  the  fraction  of  the  cost  of 
higher-end  optical  media. 
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For  information  regarding  the  AG-1960/RS,  contact: 

Selectra  Corporation 

P.O.  Box  5497 

Walnut  Creek,  CA  94596 

(800)874-9889 
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Introduction 

Advances  in  computer  technology  have  paved  the 
way  for  the  easy  incoipofation  of  video  in 
computer  based  educational  systems.  The  use  of 
video  in  CAI  has  spawned  a  new  field  called  computer 
assisted  video  instruction  (CAVI).  The  effects  of  video 
incoiporation  in  instructional  material  has  been  the  subject 
of  extensive  research.  The  Interactive  Video  Project  at  the 
Bank  Street  College  [Char,  Newman,  &  Tally,  1987],  the 
effects  of  computer  animation  on  adult  learning  [Riber, 
Boyce,  &  Assad,  1990],  effect  of  graphic  feedback  on 
student  learning  [Surber  &  Leeder,  1988],  the  effects  of 
interactive  video  enhanced  instruction  on  the  achievements 
of  seventh  graders  [Levin,  1991],  offer  insights  into  the 
relative  merits  and  thought  provoking  questions  on  the 
wisdom  of  using  video  in  CAI.  While  much  debate  and 
research  is  going  on  evaluating  the  effects,  wisdom  and 
merits  of  video  incoiporation  to  enhance  traditional 
character  based  CAI,  the  area  of  developing  video-based 
CAI  for  topics  that  can  only  be  taught  with  video  has 
largely  been  ignored  by  the  research  community.  Tennis 
and  ballet  are  good  examples  of  topics  that  can  only  be 
taught  using  animated  sequences  of  images. 

While  it  is  very  easy  to  see  the  merits  of  video  incoipo- 
ration in  the  CAI  of  dynamic  topics  like  dance  and  sports, 
the  question  remains  of  the  effectiveness  of  these  CAI 
material.  Students  may  be  shown  sequences  of  graceful 
dance  or  powerful  tennis  strokes.  The  crucial  question  then 
is  how  can  the  CAI  evaluate  student  progress  and  offer 
feedback?  CAI  presents  information  to  students  in  the  form 
of  images.  A  particular  tennis  stroke  or  a  dance  body 
posture  is  presented  in  an  image  form  and  is  often  supple- 
mented with  text.  How  can  the  student  convey  back  to  the 
computer  what  he/she  has  just  learned?  CAI  can  use  the 
traditional  multiple  choice  format:  display  four  different 
images  and  ask  the  student  to  pick  the  right  one.  A  draw- 
back with  this  approach  is  that  the  stiident  may  know  what 
exactly  to  do,  but  may  not  do  it  the  correct  way.  Assume  for 
a  moment  that  CAI  system  were  able  to  see  the  student  in  a 
particular  body  posture,  compare  this  with  the  correct  body 
posture  and  offer  feedback.  This  kind  of  feedback  could 
help  the  student  correct  mistakes  and  make  learning  very 
effective. 

In  this  paper,  we  describe  in  detail  the  issues  we 
encountered  while  attempting  to  design  a  CAI  system  for 
the  instruction  of  Bharathanatyam,  a  classical  Asian  Indian 
dance  form.  The  problems,  their  solutions  '^nd  the  Ihnita- 
tions  of  the  present  technology  can  be  considered  represen- 
tative of  those  faced  by  CAI  systems  for  topics  involving 
dynamic  change.  A  detailed  analysis  of  the  strengths  and 
weaknesses  of  such  a  closed  loop  CAI  system  is  also  given. 
The  results  of  this  project  extend  the  concepts  of  traditional 
text  based  CAI  Tutorial  and  Drill  systems  to  video  based 
CAI. 
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Vi€l0O-bas«Ki  tutorial 

The  basic  steps  of  a  dance  fonn  or  a  sport  can  be 
presented  in  the  form  of  video  tutorial.  The  first  step  is  to 
identify  the  basic  steps  or  building  blocks  to  be  presented. 
In  a  character  based  system,  only  a  single  layer  of 
information  is  presented  at  a  time.  In  a  video  tutorial,  in 
which  images  are  presented  in  an  animated  sequence, 
several  frames  are  shown  per  second  to  create  the 
perception  of  motion.  A  video  tutorial  should  at  least 
provide  for  easy  navigation  among  frames  in  a  single 
sequence.  Suppose,  a  minute  of  video  is  presented  at  ten 
frames  per  second,  the  user  should  be  able  to  access  any 
one  of  the  six  hundred  frames.  Otherwise,  there  is 
potential  for  information  loss.  Whenever  required,  the 
tutorial  should  provide  multiple  views  of  the  same  item. 
Side,  top  or  bottom  views,  close  up  of  critical  parts  of  the 
body  movement,  etc.  should  be  available  for  review  by 
the  student. 

Video  Drill 

In  the  area  of  sports  and  dance  fomis,  drills  are  very 
important.  Body  postures,  weight  transfer  and  timing,  etc., 
are  acquired  through  repeated  practice.  A  CAI-based  Drill 
can  greaUy  aid  the  student  in  identifying  how  close  he/she 
is  to  the  desired  body  posture  or  timing.  The  expert  (or 
ideal)  image  is  the  correct  answer.  The  student  is  video- 
taped in  a  particular  posture.  This  video  clip  could  consist 
of  a  basic  dance  step  or  in  the  case  of  tennis,  the  execu- 
tion of  a  forehand  drive.  Upon  displaying  both  the  expert 
and  student  images,  the  CAI  system  should  prompt  tlie 
student  to  compare  and  contrast  the  important  features. 
While  the  CAI  system  is  authored,  an  expert  in  the  field 
should  be  consulted  to  identify  errors  often  committed  in 
a  particular  topic  and  these  factors  should  be  included  in 
the  prompt. 

Prototypo  Demonstration 

The  requirements  for  video-based  tutorial  and  drill 
enumerated  in  the  previous  sections,  are  illustrated  in  a 
computer-aided  instructional  system  for  Bharathanatyam, 
an  Asian  Indian  dance  fonn.  The  first  author  has  been 
involved  in  teaching  and  performing  this  dance  form  for 
the  past  fifteen  years  and  the  CAI  material  has  been 
developed  based  on  her  personal  experience.  Video 
images  were  collected  from  several  sources  including 
documentaries  produced  by  the  Indian  Television.  This 
project  was  developed  using  HyperCard  and  QuickTime. 

Introductory  features  on  the  practical  as  well  as 
theoretical  aspects  of  the  dance  form  have  been  included 
in  this  video-based  CAI  system.  This  is  particularly 
important  because  the  theoretical  aspects  are  often 
overiooked  in  a  dance  class.  This  sometimes  has  serious 
repercussions  because  the  students  are  unable  to  develop 
their  talents  beyond  a  certain  level.  The  interested  and 


committed  students  learn  the  theoretical  aspects  on  their 
own  from  books.  But  most  of  the  dance  tenns  are  Sanskrit 
based  and  the  student  may  not  always  know  how  to 
pronounce  new  Sanskrit  terms.  In  a  computer  based 
aKJroach,  the  students  can  learn  the  theoretical  aspects  on 
their  own.  The  auditory  portion  of  muldmedia  enables 
one  to  learn  the  correct  pronunciation.  The  goal  was  to 
study  the  advantages  and  disadvantages  of  teaching  dance 
with  the  aid  of  a  computer. 

The  program  is  composed  of  several  stacks,  each  of 
which  describes  an  aspect  of  Bharathanatyam.  The  first 
and  second  stacks  give  a  brief  introduction  to 
Bharathanatyam.  They  explain  the  salient  features,  history 
aiKi  origin  and  the  basic  aspects.  The  third  stack  describes 
in  some  detail  the  various  gestures  involved  in 
Bharatanatyam.  These  include  hand  and  foot  gestures,  eye 
movements,  etc.  All  the  gestures  are  explained  with  their 
meanings  and  pronunciations.  Video  images  have  been 
used  to  demonstrate  the  various  gestures.  Buttons  to  teach 
the  pronunciation  of  names  of  gestures  have  also  been 
included.  The  right  way  to  place  the  hands  or  the  correct 
body  posture  or  the  precise  way  to  do  a  step  cannot  be 
learned  from  a  book.  The  different  uses  of  each  gesture 
along  wiUi  a  video  animation  has  also  been  included.  This 
not  only  helps  users  learn  these  gestures,  but  also  encour- 
ages Ihem  to  indulge  in  elementary  choreograj^y.  This 
will  instill  more  confidence  in  them  and  provide  a  more 
motivating  learning  environment.  The  fourth  stack  covers 
another  aspect  of  the  dance,  expressions.  The  content  of 
these  stacks  was  chosen  based  on  the  author's  extensive 
experience  fii'st  as  a  student  and  then  as  a  teacher.  The 
basic  stacks  were  also  tested  on  a  selected  group  of  Asian 
Indians  with  some  knowledge  about  the  dance  form. 
Appropriate  modifications  were  made  to  the  basic  stacks 
based  on  Uiis  preliminary  testing. 

The  user  has  easy  access  to  help  menus  at  all  times 
which  makes  using  the  program  simple.  The  user  can  quit 
the  program  anytime  and  return  to  the  program  whenever 
they  want  to.  The  users  can  learn  the  dance  at  their  own 
pace.  Unlike  a  teacher  who  is  not  available  at  all  required 
times,  Uiis  program  is.  Also  Uie  detailed  indexing  enables 
the  users  to  access  whichever  part  of  Uie  program  they 
want  to  look  at. 

At  the  end  of  each  stack,  short  quizzes  have  been 
incorporated  to  familiarize  and  reinforce  what  Uie  users 
have  learned  in  that  particular  stack.  If  they  answer 
incorrecUy,  Uiey  are  given  corrective  feedback.  Most  of 
the  questions  are  of  a  multiple  choice  nature.  For  example 
they  may  have  been  given  the  meaning  of  a  particular 
word.  They  have  to  pick  tiie  right  word  from  tiie  choices 
given.  If  the  users  choos*.  the  wrong  word,  Uien  they  are 
given  the  meaning  of  the  word  tiiey  chose  and  then  given 
another  chance  to  choose  the  right  word. 
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and  compare  them  frame  by  frame.  The  card  shown  in 
Figure  3  is  the  general  frame  work  for  the  comparison  of 
expert  and  student  movies. 

The  expert  movie  is  the  same  as  the  one  preserted  in 
the  tutorial.  Initially  the  student  learns  a  basic  step  using 
this  image,  then  the  student  is  videotaped  while  practicing 
this  step.  This  movie  is  digitized  into  the  computer  for 
comparison  and  evaluation.  The  steps  to  be  video  taped 
will  be  presented  at  the  end  of  each  lesson.  At  the  end  of 
the  lesson,  the  student  is  given  a  list  of  steps  he/she 
should  videotape  and  bring  back  to  the  C/\I  system.  Text- 
based  prompts  are  presented  to  aid  the  student  in  compar- 
ing his/her  progress.  This  is  shown  in  Figure  4.  It  can  be 
seen  that  the  student's  elbows  are  not  kept  away  from  the 
body,  and  the  text-based  prompt  makes  sure  that  this  point 
is  not  missed.  The  video-based  drill  provides  an  environ- 
ment for  the  comparison  of  the  two  images  as  well  as  tne 
factors  that  should  be  used  in  the  comparison.  A  different 
form  of  prompting  was  also  implemented.  This  made  use 
of  the  sound  capabilities  of  the  Hypermedia.  In  the  expert 
images,  sound  was  incorporated  to  point  out  the  most 
commonly  made  mistakes.  When  the  expert  movie  is 
played,  the  voice  prompts  the  students  to  compare  certain 
features. 

Technical  Detoiis 

The  images  used  in  this  project  were  taped  using  a 
regular  VHS  camera.  Images  were  captured  at  ten  frames 
per  second.  Most  Macintosh  models  can  play  back 
digitized  video  at  ten  frames  per  second.Several  compres- 


sion ratios  were  experimented  with.  Most  of  the  movies 
were  compressed  at  either  2.5  or  3.25  (on  a  scale  of  4, 
with  4  being  the  original  uncompressed  image  and  1 
being  the  most  compressed).  The  longest  movie  was 
about  a  minute.  While  an  analysis  of  the  different  com- 
pression settings  was  attempted,  it  did  not  lead  to  any 
interesting  conclusions.  The  file  size  depends  on  the 
complexity  of  the  daiKe  step.  If  tliere  is  a  lot  of  motion  in 
a  particular  movie,  the  compression  was  not  very  effec- 
tive. Each  minute  of  video  required  approximately  6 
megabytes  of  storage. 

While  the  design  of  the  HyperCard-based  stacks 
requires  careful  consideration,  the  designing  of  the  video 
sequences  is  also  equally  important.  The  lighting, 
combination  of  colors,  the  angle  of  view  and  the  composi- 
tion of  the  frame  are  factors  requiring  careful  consider- 
ation. There  is  a  slight  change  in  color  when  an  object/ 
person  is  taped  using  the  VHS  format  TLore  is  also  a 
color  shift  going  from  VHS  format  to  captured  (digitized) 
video.  A  light  or  white  background  looks  good  both  on 
VHS  and  in  digitized  form.  Video  editors  can  be  used  to 
create  background  effects.  When  different  views  of  a 
single  dance  step  were  taped,  each  view  required  a 
separate  lighting  an*angement.  For  example,  taping  of  the 
whole  body  movement  and  just  the  foot  work  of  the  same 
dance  step  required  drastically  different  lighting  arrange- 
ments. In  the  first  case,  the  endre  body  is  illuminated 
while  the  later  requires  concentrated  light  only  on  the  feet. 
Very  bright  light  focussed  on  the  feet  produced  poor 
images.  The  best  way  to  get  a  feel  for  this  was  to  keep  a 
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Figure  2.  Simultaneous  presentation  of  the  three  views  pertaining  to  a  single  dance  step.  The 
controller  at  the  bottom  of  the  movie  v^^indov/  provides  frame  by  frame  access  to  the  movies.  The 
numlDer  of  different  viev^^s  presented  varies  v^^ith  the  complexity  of  the  dance  step. 
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anJ  compare  them  frame  by  frame.  The  card  shown  in 
Figure  3  is  the  general  frame  wOik  for  tlie  compaiison  of 
expert  and  student  movies. 

The  expert  movie  is  tlie  same  as  the  one  presented  in 
Uie  tutorial.  Initially  the  student  learns  a  basic  step  using 
this  image,  then  the  student  is  videotaped  v^hile  practicing 
this  step.  This  movie  is  digitized  into  the  computer  for 
comparison  and  evaluation.  The  steps  to  be  video  taped 
will  be  presented  at  the  end  of  each  lesson.  At  the  end  of 
the  lesson,  the  student  is  given  a  list  of  steps  hckhe 
should  videotape  and  bring  back  to  the  CAI  system.  Text- 
based  prompts  are  presented  to  aid  the  student  in  compar- 
ing his/her  progress.  This  is  shown  in  Figure  4.  It  can  be 
seen  that  the  student's  elbows  are  not  kept  away  from  the 
body,  and  the  text-based  prompt  makes  sure  that  this  point 
is  not  missed.  The  video-based  drill  provides  an  environ- 
ment for  the  comparison  of  the  two  images  as  well  as  the 
factors  that  should  be  used  in  the  comparison.  A  different 
form  of  prompting  was  also  implemented.  This  made  use 
of  the  sound  capabilities  of  the  Hyi)ermedia.  In  the  expert 
images,  sound  was  incoriX)rated  to  point  out  the  most 
commonly  made  mistakes.  When  the  expert  .novie  is 
played,  the  voice  prompts  the  students  to  compare  certain 
features. 

Technical  D#toils 

The  images  used  in  this  project  were  taped  using  a 
regular  VHS  camera.  Images  were  captured  at  ten  frames 
per  second.  Most  Macintosh  models  can  play  back 
digitized  video  at  ten  frames  per  sccond.Several  compres- 


sion ratios  were  experimented  with.  Most  of  tlie  movies 
wem  compressed  at  either  2.5  or  3.25  (on  a  scale  of  4, 
with  4  being  the  original  uncompressed  image  and  1 
being  the  most  compressed).  The  longest  movie  was 
about  a  minute.  While  an  analysis  of  the  different  com- 
pression settings  was  attempted,  it  did  not  lead  to  any 
interesting  conclusions.  Tlie  file  size  depends  on  the 
complexity  of  the  dance  step.  If  there  is  a  lot  of  motion  in 
particular  movie,  the  compression  was  not  very  effec- 
ve.  Each  minute  of  video  required  approximately  6 
megabytes  of  storage. 

While  the  design  of  the  HyperCard-based  stacks 
requires  careful  consideration,  the  designing  of  the  video 
sequences  is  also  equally  important.  The  lighting, 
combination  of  colors,  the  angle  of  view  and  the  composi- 
tion of  the  firame  are  factors  requiring  careful  consider- 
ation. There  is  a  slight  change  in  color  when  an  object/ 
person  is  taped  using  the  VHS  format.  There  is  also  a 
color  shift  going  from  VHS  format  to  captured  (digitized) 
video.  A  light  or  white  background  looks  good  both  on 
VHS  and  in  digitized  form.  Video  editors  can  be  used  to 
create  background  effects.  When  different  views  of  a 
single  dance  step  were  taped,  each  view  required  a 
separate  lighting  arrangement.  For  example,  taping  of  the 
whole  body  movement  and  just  the  foot  work  of  the  same 
dance  step  required  drastically  different  lighting  arrange- 
ments. In  the  first  case,  the  entire  body  is  illuminated 
while  the  la^sr  requires  conct.  aated  light  only  on  the  feet. 
Very  bright  light  f(.  ^»»''sed  on  the  feet  produced  poor 
images.  The  best  way  to  get  a  feel  for  this  was  to  keep  a 
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Figure  2.  SImuttaneous  presentation  of  the  three  views  pertaining  to  a  single  dance  step.  The 
controller  at  the  bottom  of  the  movie  window  provides  frame  by  frame  access  to  the  movies.  The 
number  of  different  views  presented  varies  with  the  complexity  of  the  dance  step. 
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careful  record  of  aU  the  light  posiUons  during  the  initial 
taping,  experiment  with  different  combinations,  and  then 
capture  these  images  and  decide  on  the  best  one.  Care  was 
taken  to  avoid  taping  the  shadow  of  the  person  being 
taped,  since  the  shaolows  do  not  look  good  in  captured 
images  and  severely  degrade  the  quality  of  the  cai)tured 
image. 

Video  Spigot  allows  one  to  capture  sound  simulta- 
neously during  video  capture  using  the  MacRecorder. 
During  the  videotaping  period,  in  general  it  was  difficult 
to  work  on  tlie  video  and  audio  at  tl^  same  time.  Several 
attempts  were  required  to  make  a  single  video  recording. 
Incoiporation  of  sound  into  these  movies  added  to  the 
complexity.  Since  video  editors  aUow  for  easy  incorpora- 
don  of  sound  at  a  later  time,  it  may  be  better  to  separate 
tlie  sound  and  video  recording  as  well  as  capture.  In 
situations  where  the  movie  was  captured  from  a  perfor- 
mance  tape  or  a  TV  documentary,  capturing  sound  and 
video  at  the  same  time  did  not  prove  to  be  a  problem. 

Sf  r^nfiths  6f  video-bosod  CAI 

Images  are  a  logical  extension  of  text.  In  one  sense  an 
image  can  be  thought  of  as  simultaneous  (parallel) 
presentation  of  many  characters.  The  technology  pennits 
the  inclusion  of  image  based  student  responses,  which 
greaUy  enhances  the  capabilities  and  applicability  of  CAL 

The  video  presentation  lias  been  designed  to  incorpo- 
rate the  teaching  strategies  followed  by  an  instructor  in  a 
class.  For  example,  when  teaching  a  hand  movement,  the 
instnictor  will  show  that  movement  part  by  part,  clearly 


specifying  where  and  how  each  hand  is  placed  at  each 
part.  However,  due  to  time  constraints  and  the  number  of 
students  in  the  class,  the  instnictor  wiU  not  be  able  to 
demonstrate  a  movement  in  detail  more  than  two  times.  In 
complex  steps,  the  student  may  forget  what  was  taught  in 
class.  In  such  situations,  the  video-based  tutorial  offers 
enoraious  help.  The  video-based  CAI  also  frees  the 
instructor  from  having  to  repeatedly  demonstrate  the  same 
step  and  instead  use  the  time  for  more  creative  topics. 

•  The  instructional  video  can  be  watched  frame  by 
fiame.  llius  criUcal  timing  errors  can  be  easily 
understood  and  elunuiated. 

•  The  drill  part  offers  valuable  feedback.  The  student 
can  progress  at  his/her  own  speed  and  does  not  have  to 
wait  for  an  instructor  to  analyze  his/her  progress. 

•  The  quality  of  feedback  is  also  gready  improved 
because  expc;rts  in  each  field  can  be  consulted  during 
the  initial  stages  of  the  design.  Students  who  do  not 
have  physical  access  to  these  experts  can  still  utilize 
the  experience  of  these  experts  dirough  CAI. 

Econonnics 

Video-based  insuucaonal  tools  have  been  used  for 
many  years.  Professional  sports  teams  and  premier  dance 
companies  have  used  them  extensively.  The  introduction 
of  VCRs  in  the  late  1970s  has  resulted  in  a  wide  selecUon 
of  instructional  videos  for  the  individual  household.  These 
videos  do  not  offer  feedback.  In  order  to  compare  and 
analyze,  at  least  two  TV  monitors  and  VCRs  arc  needed. 
For  the  price  of  an  extra  VCR/TV  combinaUon,  an 
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stuTnT-^nL^i^h?;"'  ^i°"?®^°^'<     Video  drill.  The  buttons  are  used  to  select  and  play  exoert/ 

the  two  sequences. 


Vidoo-ba$«dtulork3l  and  drill  for  a  cIcBslcal  done*  loim  191 


Figure  4.  Prompts  for  comparison.  The  button  named  compare  activates  the  prompt  dialog  boxes 
for  comparison.  It  is  easily  seen  that  the  student  (on  the  right)  is  not  holding  the  elbow  correctly.  This 
is  pointed  out  in  the  character  based  prompts.  Voice  based  prompts  have  also  been  included  in 

some  cases. 


existing  personal  computer  can  be  easily  upgraded  with 
extra  memory  and  a  video  capture  card.  For  less  U-^n  a 
thousand  dollars,  an  existing  computer  can  be  upgraded  to 
handle  all  of  the  above  mentioned  features  of  video 
tutorial  and  drill.  Almost  all  sports  clinics  offer  video- 
taped analysis.  A  computer  assisted  analysis  will  greatly 
enhance  the  quality  of  the  feedback  offered.  With  CAT, 
the  student  can  spend  as  much  time  as  he/she  needs  and 
can  go  through  the  analysis  at  his/her  own  pace. 

Conclusion 

A  video-based  CAI  system  for  Bharathanatyam,  an 
Indian  dance  form,  has  been  described.  Many  of  the 
issues  faced  during  the  design  of  such  a  system  can  be 
considered  as  representative  of  problems  associated  with 
the  design  of  video-based  CAI  for  any  tq)ics  dealing  with 
dynamic  change.  The  preliminary  implementation  has 
clearly  demonstrated  that  unage-based  CAI  is  a  very 
effective  teaching  tool  in  the  fields  of  dance  and  sports. 
The  technology  is  in  the  early  stages  of  development  and 
given  the  characteristic  rapid  progress  in  the  computer 
field,  image-based  student  responses  in  CAI  should 
become  very  economical  to  use  in  a  few  years.  Rather 
than  waiting  for  such  a  time,  we  can  start  to  work  on 
prototypes  and  transfer  the  knowledge  gained  from  such 
prototype'^  to  widely-used  products  in  the  future. 

The  concepts  of  video-based  tutorial  and  drills  have 
been  described  and  their  characteristics  briefly  discussed. 
The  attributes  of  video  tutorial  and  drill  covered  in  this 
p^r  can  be  used  as  general  guidelines  in  the  develop- 


ment of  other  video-based  instructional  material  and  thus 
aid  teachers  involved  in  the  production  of  video  based 
instructional  material. 
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In  1967  at  the  Montreal  World's  Fair,  General  ^lotors, 
IBM,  AT&T  and  a  number  of  nations  competed  in 
multiscieen  presentations  to  impress  international 
audiences.  Varying  from  three  screen  interactive  experi- 
ences to  diorama  spectaculars,  the  presentations  were 
dazzling  and  at  limes  allowed  the  ordinary  viewer  to 
determine  the  path  the  media  display  woidd  take.  Al- 
though these  multi-media  displays  were  harbingers  of  the 
future,  they  were  the  creations  of  professional  fihn 
makers,  advertisers,  and  media  producers. 

Nearly  thirty  years  later  more  sophisticated  technol- 
ogy is  available  to  the  teacher  who  can  use  a  small 
computer,  videodisc,  compact  disc,  and  other  media  to 
engage  interactively  students  of  diverse  backgrounds. 
Contemporary  teachers  bring  to  the  technology  psycho- 
logical theory  which  suggests  teaching  should  address  the 
growth  stage  of  the  group  (Erickson,  Piaget),  learning 
theory  which  directs  them  to  objective  driven  teaching 
(Mager)  and  the  pursuit  of  high  level  thinking  skiUs 
(Bloom),  and  media  theory  which  demands  they  compro- 
mise minimally  the  principle  that  the  most  effective  way 
to  teach  anyone  is  in  direct  puiposeful  experience  (Dale). 
Contemporary  teachers,  however,  need  help  in  displaying 
the  technology  and  some  principles  for  developing 
multiscreen  bundles. 

Two  projects  in  teacher  education  at  Sam  Houston 
State  have  brought  two  teams  together  to  determine  how 
to  best  configure  the  technology  and  to  create  the  multi- 
media bundles.  The  Model  Classroom  Committee  had  to 
decide  on  an  ideal  configuration  for  a  funding  grant  and 
the  Master  Teacher  Academy  Committee,  a  team  con- 
tracted to  develop  a  multi-media  bundle  for  the  bicenten- 
nial of  Sam  Houston's  birth  had  to  detennine  from  four 
configurations  which  could  be  most  cost  and  learning 
effective.  After  reviewing  five  different  configurations 
both  the  team  and  the  COTmiittee  adopted  the  format  of 
tbe'*Magic  Wall,"  a  three  large  screen  configuration  using 
an  LCD  display  of  HyperCard  from  the  Mac  IISI  on  the 
left  screen,  a  large  40  inch  television  display  of  the 
videodisc  signal  on  a  central  screen,  and,  a  complemen- 
tary overhead  projection  of  menus  and  discussion  foci  for 
the  group  interaction  on  the  right  screen. 

The  multi-media  bundle  team  began  with  three 
principles  m  leammg  theory  and  discovered  others  in 
developing  the  multi-media  program.  The  first  principle 
was  that  the  the  multimedia  process  must  match  the 
growth  stage  of  the  group.  The  second  was  that  any 
process  for  mature  students  must  elicit  high  level  thinkmg 
skills  and  the  third  was  the  ajjproach  must  simulate  as  as 
closely  as  possible  direct  purposeful  experience. 

The  team  discovered  that  any  program  accessible  to 
different  learner  stages  could  be  focused  by  the  teacher 
who  uses  the  multimedia  bundle.  The  narrative  would  be 
placed  in  simple  story  form  to  address  the  young  child, 
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and  the  facUitating  teacher  could  lead  an  older  group  to 
inference,  analysis,  synthesis,  and  evaluation  by  extend- 
ing the  very  same  content  Since  the  Dale  Cone  indicates 
the  most  successful  teaching  is  direct  purposeful  experi- 
ence, the  multi-media  presentation  could  simulate  as 
closely  as  possible  an  experience  of  history  divorced  from 
the  students  by  time  and  space. 

The  team  researched  primary  documents  from  Texas 
history,  biographical  material,  and  personal  letters .  Using 
HypeiCai  d,  the  team  developed  a  stack  which  carried  the 
viewer  through  "Sam  Houston's  Texas/*  The  stack 
evolved,  according  to  plan,  as  a  children's  story,  enter- 
tainment worthy  of  the  observer's  attention.  But  soon  it 
became  clear  that  the  medium  itself  had  to  move  from 
entertainment  to  interactive  learning.  The  team  first 
decided  to  break  the  narrative  at  certain  points  with  cards 
asking  the  audience  a  direct  question.  The  question 
provided  a  sntion  at  which  a  teacher  could  involve  the 
students  with  questions  such  as  "What  kind  of  people 
lived  in  early  Texas?"  and  "  Is  that  how  Mexicans 
thought?" 

The  team  secondly  punctuated  the  left  screen  narrative 
with  Videodisc  buttons  which  opened  for  the  viewer  a 
central  screen  videodisc  portrayal  of  the  painter 
Remington's  view  of  the  Native  American,  the  American 
cowboy,  the  pioneer  and  life  in  the  west.  As  the  videodisc 
provided  a  professional  narration  of  Remington's  views 
on  the  central  screen  the  team  decided  to  place  on  the 
right  screen  a  series  of  transparencies  either  reinforcing 
the  videodisc  image  or  placing  it  in  context.  This  inter- 
vention in  the  narrative  provided  the  students  an  opportu- 
ne^ to  investigate  Remington's  perspective,  and  to 
compare  that  wilh  Sam  Houston's  . 

The  team  thirdly  introduced  ditext  button  on  certain 
cards  to  give  the  group  the  option  of  observing  the 
complete  primary  source  document  summarized  in  the 
narrative.  A  line  from  John  Wharton's  letter  in  the 
narrative  could  by  button  be  traced  to  the  actual  letter  on 
another  card.  In  the  process  of  creating  a  research 
document  the  group  itself  had  to  make  decisions  about  the 
direction  the  research  would  take  into  content,  into 
learning  theory,  and  into  media  principles. 

Fourth,  the  team  added  buttons  as  mapping  strategies. 
The  buttons  could  be  used  to  move  to  the  videodisc,  to 
primary  sources,  and  even  to  other  parts  of  the  narrative. 
In  another  multi-media  bundle  the  team  found  using  radio 
buttons  a  good  way  of  leaping  from  one  part  of  the 
narrative  to  another  so  that  the  buttons  became  critiquing 
and  mapping  tools. 

In  creating  the  children's  story  narrative  on  Hyper- 
Card there  was  a  temptation  to  use  the  many  gimmicks 
made  available  by  technology.  The  new  authors  fasci- 
nated by  dissolve,  bam  doors,  checkeiboard,  and  iris 
open,  often  introduced  so  many  transitions  with  easy 


scripting  from  card  to  card  that  they  obscured  the  mes- 
sage. There  was  also  a  tendency  to  build  large  text  fields 
since  it  was  so  easy  to  do.  If  observation  of  children's 
books  did  not  provide  a  principle,  the  Dale  Cone  did. 
Edgar  Dale's  pyramidal  hierarchy  placed  direct  purpose- 
ful experience  as  the  most  effective  way  to  teach,  and 
words  or  verbal  symbols  as  the  least  effective.  An 
economy  of  words  with  good  support  graphics  and 
dissolve  transitions  provided  the  least  ccmipromise  to 
providing  direct  purposeful  experience. 

Animation  strategically  placed  can  also  alleviate  the 
staUc  nature  of  the  cards.  But  animation  and  sound, 
though  fine  tools,  must  support  the  message  and  interac- 
tion rather  than  distract  from  it.  Placing  animation  into  a 
stack  for  its  own  sake  can  distract  from  the  message. 
Placing  music  into  a  program  simply  because  it  is 
available  can  also  distract  Marshall  MacLuhan  had 
discovered  in  the  sixties  that  sound  can  take  away  the 
participatory  dimension  of  the  multi-media  program. 
Since  the  videodisc  provided  a  sound  narrative,  turning  to 
it  meant  movmg  from  a  participatory  mode  to  an  observa- 
tional mode.  However  at  the  end  of  each  videodisc 
sequence,  the  facilitating  teacher  can  again  engage 
students  in  participation. 

To  insure  this  participation,  the  third  screen  was  used 
to  project  menus,  contexts,  questions  so  that  the  group 
could  be  focused  on  discussion,  and  kept  on  task.  A  major 
principle  in  developing  the  bundle  was  to  place  the 
teacher  at  the  center ,  responsible  for  lifting  the  group 
from  lower  level  to  higher  level  thinking.  What  deter- 
mines the  direction  and  focus  of  the  multi-media,  is  the 
teacher's  interactive  working  with  the  students.  From  the 
initial  three  saeen  display  the  teacher  determines  the 
direction  the  interaction  will  take,  but  uses  the  computer 
as  a  director  source  to  drive  the  other  media. 

The  use  of  multi-media  can  be  a  powerful  tool  in 
involving  students  in  discussion,  learning,  research,  and 
creativity.  Bundle  authors,  however,  need  to  critically 
assess  how  the  media  work  if  multi-media  will  be  an 
objective  driven  and  on  task  experience  in  teaching. 
Besides  the  three  basic  principles  with  which  they  began, 
the  team  concluded  that  the  best  configuration  of  the 
media  was  the  three  screen  Magic  Wall,  since  the  large  6 
foot  screens  were  easily  visible  by  any  in  the  group.  It 
made  more  sense  to  project  on  three  screens  rather  than 
open  small  windows  on  one  large  Mitsubishi  monitor. 
The  team  also  concluded  that  the  basic  bundle  could  build 
on  a  simple  narrative  and  extend  the  media  to  high  level 
thinking  through  teacher  controls  such  as  video,  text,  and 
radio  buttons,  leading  to  the  central  screen,  and  transpar- 
encies on  a  third  screen.  The  team  also  concluded  that  the 
development  of  future  bundles  should  begin  with  a 
sampling  of  videodisc  in  the  CAV  format  to  be  sure  that 
the  central  screen  had  a  frozen  frame  rather  than  a  blue 


194  Technology  und  Teacher  Education  Annual— 1993 

207 


pause  found  in  CLV.  The  team  finally  concluded  that  the 
heart  of  the  program  must  be  the  teacher-student  interac- 
tion for  which  the  computer  provides  stations,  transitions, 
and  extensions. 

John  Swartz  is  Associate  Professor  of  Education  at  Sam 
Houston  State  University,  Huntsville,  Texas  77340 
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Bridging  the  gap  between  pedagogical  theory  and 
actual  classrcKMn  practice  is  a  challenge  for 
anyone  who  trsins  pre-service  undergraduate  and 
graduate  teachers,  irrespective  of  grade  level  or  academic 
discipline.  TTiis  becomes  especially  important  during  the 
student  teaching  practicum  when  pedagogical  theory 
should  guide  all  phases  of  the  student  teacher's  classroom 
enterprise,  from  planning  and  instruction,  to  management 
and  evaluation.  However,  faulty  cOTununication  among 
the  university  supervisor,  the  student-teacher,  and  the 
cooperating  teacher  frequ^ently  undercuts  the  full  potential 
of  applying  pedagogical  theory  to  classroom  practice. 

Before  the  student  teaching  practicum  begins,  it  is 
imperative  that  the  cooperating  teacher  be  cognizant  of 
the  expectations  of  the  university  supervisor  and  the 
student  teacher,  but  this  is  not  always  the  case.  For 
instance,  in  being  overwhelmed  with  the  daily  rigors  of 
classrocxn  instruction,  many  cooperating  teachers  fre- 
quently cannot  keep  up  with  recent  pedagogical  re- 
*:  .  arch — research,  for  example,  which  has  questioned  the 
effectiveness  of  many  traditional  instructional  techniques 
in  meeting  various  pupils*  learning  styles  (Guild  & 
Garger,  1985).  Furthermore,  because  cooperating  teachers 
who  are  out  of  touch  with  pedagogical  research  may  teach 
the  way  that  they  were  taught,  they  frequenUy  are 
reluctant  to  have  their  student-teachers  use  these  new 
techniques,  the- eby  causing  frustration  and  a  breakdown 
of  rapport  between  the  two  parties. 

While  it  is  critical  for  cooperating  teachers  to  under- 
stand the  student-teachers*  and  university  supervisors* 
expectations  regarding  the  use  of  various  instructional 
techniques,  it  is  likewise  important  for  cooperating 
teachers  to  know  how  the  philosophy  of  the  teacher 
education  program  impacts  upon  the  larger  decision- 
making processes  of  its  student-teachers.  At  La  Salle 
University  in  Philadelphia,  principles  of  human  growth 
and  development  undergird  all  phases  of  its  graduate  and 
undergraduate  teacher  preparation  p-ograms  in  secondary 
education  as  well  as  its  integrated  elementary  and  special 
education  program.  Student  teachers  are  taught  not  to  tag 
their  pupils  with  jargonish  labels  nor  to  fit  them  into 
arbitrary  categories,  but  instead  they  are  taught  to 
perceive  all  pupils  as  individuals,  each  with  her/his  own 
set  of  physical  intellectual,  and  psycho-social  characteris- 
tics. This  uniqueness  requires  student-  teachers  to 
accommodate  differences  and  adjust  curriculum  and 
instruction  to  maximize  learning  of  subject  matter 
(Clabaugh  &  Feden,  1986). 

In  the  past,  the  university  supervisors  exp  ined  the 
fine  points  of  this  developmental  perspective  to  the 
cooperating  teachers,  but  its  full  impact  was  often 
obscured  by  other  details  such  as  room  assignments, 
rostering,  and  non-teaching  classroom  responsibilities. 
Consequently,  to  ensure  that  cooperating  teachers-would 
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understand  the  developnental  perspective,  as  well  as  the 
planning  and  instructional  issues  stemming  from  it,  the 
Department  of  Education  produced  two  videos,  The 
Professional  Year:  An  Introduction  to  Student  Teaching 
in  Elementary  and  Special  Education  (ESE)  and  the 
Professional  Semester:  An  Introduction  to  Student 
Teaching  in  Secondary  Education  (SE).  While  video 
seemed  at  first  to  be  an  ideal  medium  for  presenting  all 
phases  of  our  teacher  education  programs,  it  quickly 
became  apparent  that  such  expectations  were  overly 
ambitious.  To  address  all  of  the  these  phases  would  entail 
the  production  of  a  series  of  videos.  Thus,  we  focused  on 
identifying  the  following  themes  and  topics  which,  in 
concert,  constitute  the  linchpin  of  our  programs: 

•  Department  Philosophy:  Developmental  Perspective 

•  Professional  Experience:  Policies  and  Procedures  and 
Procedures 

•  Orientation:  Field  Placement  Communication  Rapport 

•  Conferencing:  Structure  and  Expectations 

Window  on  Reality:  Rationale  for  Using  Video 

Video  technology  is  especially  suited  to  meet  the  need 
of  our  student-teaching  orientation  for  many  reasons. 
Both  pedagogical  theory  and  practice  suggest  that 
instructional  video,  when  used  properly,  fosters  growth  in 
cognitive  reflection,  especially  with  regard  to  teacher 
decision-making  (Sparks-Langer  &  Colten  1991).  Tbis 
insight  is  singularly  important  to  us  because  our  entire 
four  year  teacher  preparation  program  has  been  designed 
to  produce  classroom  decision  makers  who  are  not  only 
knowledgeable  but  also  reflective.  Moreover,  because 
video  has  the  potential  to  convey  a  great  deal  of  informa- 
tion in  a  relatively  brief  period  of  time  (through  fades, 
dissolves,  and  other  effects),  it  becomes  an  increasingly 
more  appealing  mode  of  communication  for  teaching 
professionals  who  are  exceedingly  busy  and  often 
overburdened. 

Videotape  can  not  only  assist  and  supplement  oral  and 
written  communiques,  but  it  can  also  "teach**  without  our 
having  to  be  physically  present.  Video  is,  indeed,  an 
especially  flexible  medium:  tapes  can  be  readily  viewed 
again  and  again,  at  virtually  any  time,  in  school  or  at 
home;  and  videos  can  be  shared  with  interested  col- 
leagues. Furthermwe,  a  potent  form  of  motion  media, 
video  can  serve  as  an  engaging  advance  organizer,  one 
that  creates  in  the  viewer's  mind  "a  need  to  know** 
(Heinich,  Molenda  &  Russell,  1993).  Finally,  because 
video  "is  designed  to  produce  a  realistic  image  of  the 
world  around  us**  (Heinich,  Molenda,  and  Russell,  1993), 
the  more  authentic  we  make  the  experiences  appear  to  our 
audience,  the  more  meaningful  our  entire  program 
becomes  for  them. 

Once  we  had  made  the  decision  to  use  video  we  then 
set  about  producing  two  instructional  tapes  ourselves. 


Designed  not  only  to  inform,  but  also  to  motivate,  these 
tapes  were  intended  to  have  both  a  cognitive  and  an 
affective  impact.  Through  dramatized  performances,  our 
viewers  would  see  and  hear  the  voices  of  teachers  and 
students,  people  like  themselves  who  experienced  and 
resolved  tdsl  life  problems,  and  who  had  work-a-  day, 
human  relationships  to  establish  and  maintain.  Teacher 
narratives,  in  which  it  is  "the  teachers  themselves  whose 
voices  comprise  the  story...  can  be  powerful  force[s]  in 
heightening  teachers*  awareness  of  their  own  professional 
reasoning**  (Sparks-Langer  and  Colten).  Thus,  by  writmg 
and  performing  in  our  own  videos,  we  tried  to  ensure  not 
only  that  such  realistic  voices  would  be  recognized  and 
heard,  but  also  tnat  our  audience  would  more  fully 
appreciate  our  cooperative  efforts. 

Finally,  video  is  a  powerful  "educational  prosthetic,** 
a  motivating  instructional  tool  that  provides  not  only  an 
overview  of  our  student  teaching  program,  but  also  an 
important  set  of  standardized,  yet  flexible  behaviors  that 
our  audience  can  model  (Gardner,  1991).  By  devising 
multiple  routes  or  "entry  points**  to  La  Jalle*s  student 
teaching  practica,  we  orient  cooperating  teachers,  univer- 
sity supervisors  and  student-teachers  more  effectively 
because  we  give  them  a  variety  of  ways  to  internalize  our 
programs*  contents  (Gardner,  1991).  By  diversifying  our 
instructional  modes  and  providing  multiple  perspectives, 
our  videos  foster  comprehensive  understanding.  Since 
video  itself  is  an  iconographic  medium,  its  instructional 
use  reinforces  the  develc^mental  thrust  of  our  program. 
As  Bruner  attests,  and  we  reaffirm,  information  can  — 
and  should  —be  represented  in  a  variety  of  meaningful 
ways  (Good  &  Brophy,  1990). 

Video  Partners:  A  Collaborative  Process 

Teacher  educators  frequently  may  not  recognize  the 
scope  of  professional  and  personal  resources  available  to 
bring  new  ideas  into  fruition.  Consequently,  innovative 
concepts  often  go  no  further  than  the  informal  discussion 
level.  The  following  framework  is  presented  to  demon- 
strate the  collaborative  process  that  was  used  to  bring  one 
of  these  "wonderful  but  we  can*  t  do  that**  ideas  to 
completion.  We  knew  what  we  wanted  to  communicate  Id 
our  cooperating  teachers,  but  we  did  not  have  the  techni- 
cal expertise  to  produce  quality  videotapes.  It  was  at  this 
point  that  a  collaborative  venture  was  required.  Obvi- 
ously, the  following  process  is  not  university  specific  and 
could  be  modified  to  suit  diverse  teacher  education 
programs.  The  process  included  three  phases: 
Phase  One:  Pre-Production 
•   Problem  Clarification  (Spring  1 992).  During  this 
period  the  directors  of  the  ESE  and  SE  programs  met 
to  determine  generic  and  program  specific  issues  to  be 
developed  in  a  video.  It  was  determined  that  although 
there  was  a  department  philosophy  guiding  both 
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progcams,  there  were  program  specific  issues  that 
needed  to  be  handled  separately.  As  a  result,  the  need 
for  two  program  specific  videos  was  identified. 

•  Script  Writing  and  Mock  Video  (May,  1992).  A  four 
hour  script  writing  session  focused  on  clarifying  and 
extending  topics  to  be  included  in  the  videos:  depart- 
ment philosophy,  program  specific  information,  field 
placement  orientation  and  conferencing  with  the 
cooperating  teacher.  Script  writing  occurred  in 
conjunction  with  information  videotaping  of  proposed 
scenes.  The  videotaped  sceues  provided  corrective 
visual  feedback  to  refocus  direction,  to  clarify  issues, 
to  underscore  limitations,  and  to  suggest  additional 
creative  possibilities. 

•  Technical  Review  (May,  1992).  A  third  member  of  the 
education  departoient  with  media  expertise  analyzed 
the  initial  script  and  mock  video  efforts  to  determine 
the  feasibility  of  the  project  Extensive  deliberations 
focused  on  tq)ics  such  as  project  goal,  intended 
audience,  video  shelf-life,  deadlines,  and  the  establish- 
ment of  a  collaborative  link  with  available  university 
personnel  who  possessed  the  necessary  knowledge  of 
and  experience  with  video  producv  >n. 

•  Collaborative  Conferences  and  Re-writes  (May  20, 
June  16, 1992).  The  initial  conference  began  with  a 
technical  review  of  the  baseline  script  and  mock  video 
by  the  education  department  team  and  the  technical 
team,  including  a  faculty  member  from  the  Depart- 
ment of  Ccxnmunication,  the  Director  of  Audio-visual 
Services,  and  the  Video  Network  Coordinator.  Each 
collaborative  conference  led  to  script  re-writes,  to  . 
subsequent  technical  reviews,  and  to  line-by-line 
analysis  and  discussion  by  the  education  and  technical 
team.  The  six  meetings  centered  on  integrating  the 
philosophical  and  practical  themes  deemed  essential 
by  the  education  team  with  the  high  impact  video 
medium  issues  recognized  by  the  technical  team.  In 
all,  six  people  representing  four  different  university 
departments  were  part  of  the  collaborative  process. 

•  Talent  and  Budget  (Spring  and  Summer,  1992)  At  the 
suggestion  of  the  video  director,  the  education  team  at 
ftf  St  considered  using  professional  actors  to  play  the 
roles  of  the  respective  program  directors  and  using 
polished  amateurs  to  ant  as  students.  Instead,  we 
decided  to  have  the  actual  education  department 
program  directors  play  themselves  and  likewise  to 
have  La  Salle  education  majors  participate  as  students. 
Because  each  program  director  would  be  familiar  with 
her/his  program,  each  would  bring  a  sense  of  sponta- 
neity to  the  script,  which  at  times  was  infused  with  ad 
lib  conunents  that  contributed  factual  accuracy  and 
enhanced  verisimilitude.  Similarly,  seven  students 
were  selected  because  of  their  knowledge  of  and 
successful  experience  in  either  the  secondary  or  the 


elementary  and  special  education  program.  In  addition, 
the  student-actors,  represented  a  balance  in  terms  of 
gender,  race,  and  ethnicity. 

The  overall  video  project  was  completely  funded  by 
the  university.  We  submitted  to  the  Provost  a  line-item 
budget  that  included  stipends  for  students  as  well  as 
faculty  members  on  the  education  and  die  technical 
teams.  Additional  monies  were  provided  for  refresh- 
ments, Uie  technical  crew  for  woric  beyond  their 
contract  hours,  and  bulk  duplication  of  die  two  tapes. 

Phase  Two:  Production 

•  Video  Shoot  and  Editing  (June  19  -  June  20, 1992).  The 
actual  hooting  of  die  two  videos  took  one  and  one- 
half  days.  To  consolidate  effort  and  reduce  cost,  the 
two  tapes  were  built  around  a  series  of  generic  scenes 
emphasizing  conmion  themes  and/or  concerns. 
Program  specific  issues  were  t^ped  sepaiately  and 
edited  into  final  versions  of  each  tape. 
The  video  was  shot  in  die  university's  television  studio 
which  was  equipped  witii  tiiree  cameras,  a  switcher,  an 
audio  mixmg  board,  a  special  effects  generator,  and 
preexisting  sets.  The  TV  studio  is  primarily  used  for 
everyday  classroom  instruction  by  die 
Communication's  Department.  Witii  die  Communica- 
tion Department  Chairs  permission,  die  studio  was 
reserved  on  a  Friday  and  Saturday  wiicn  no  classes 
were  scheduled. 

Each  camera  needed  an  operator.  In  addition,  audio 
and  visual  engineers  worked  widiin  a  soundproof 
director's  boodi.  During  die  shoot,  die  video  director, 
a  professor  in  die  Department  of  Conununication  who 
teacher  TV  production,  orchestrated  die  entire  "shoot" 
which  included  giving  tips  to  actors  concerning  voice 
intonation,  blocking  tiie  actors'  movements,  position- 
ing cameras,  establishing  appropriate  mood,  attending 
to  lighting,  and  setting  die  stage. 

Phase  Three:  Post-Production 

•  Editing.  The  director  served  as  die  video  editor.  Using 
master  tapes,  he  edited  raw  footage  to  form  two  twenty 
minute  tapes.  Tides  and  credits,  however,  were 
computer  generated  by  the  video  network  coordinator 
who  doubled  as  assistant  director. 

•  Field  Distribution  (Fall,  1992  and  Spring,  1993).  The 
video  was  shown  to  student  teachers  in  each  program 
as  an  advance  organizer  during  dieir  orientation  to  the 
student  teaching  experience.  Field  supervisors  in  die 
ESE  and  SE  programs  used  tiieir  own  discretion  to 
present  die  respective  videos  to  the  cooperating 
teachers.  Each  supervisor  was  asked  to  make  die 
cooperating  teacher  aware  of  die  video  and  request 
diat  die  teacher  view  die  tape  and  discuss  questions 
diat  may  arise. 
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•  Analysis  (Spring  and  SuTuner,1993).  A  series  of 
questionnaires  were  distributed  to  student  teachers, 
cooperating  teachers  and  supervisors.  Questionnaire 
responses  will  be  analyzed  to  as  :eTiain  video  impact 
on  fostering  effective  communication. 

Conclusions 

The  success  of  this  project  proceeded  from  the 
collaborative  effort  of  many  people.  With  us  there  was  no 
bureaucratic  inertia.  Unlike  Robert  Frost's  (1936)  ants 
"Whose  woric  it  is  to  find  out  God/ And  the  nature  of  time 
and  space,"  we  were  not  "thoroughly  departmental.n  No 
one  stood  "round  to  stare.**  Each  member  brought 
personal  and  professional  expertise  to  form  a  unified  team 
to  reach  an  identified  goal:  the  production  of  two  educa- 
tion videos. 

At  La  Salle  University,  where  "teaching  comes  first,** 
it  is  common  for  clusters  of  faculty  to  engage  in  coDabo- 
rative  inquiry  in  order  to  foster  improvement  of  university 
teaching.  Further,  it  is  common  for  professionals  from 
various  campus  program  and  offices  to  work  closely  with 
education  faculty  in  providing  special  topic  seminars  for 
our  students.  Consequently,  for  us  at  La  Salle,  it  was  no 
surprise  to  have  focused  collaboration  across  departments 
in  producing  videos  that  would  enhance  the  effectiveness 
of  the  student  teaching  practicum,  the  capstone  experience 
in  the  education  of  our  student  teachers. 
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Many  students  who  begin  a  program  of  studies  at 
institutions  of  higher  education  fail  to  com 
plete  them  because  they  are  unfanailiar  with 
both  the  library  and  the  principles  of  Ubrary  research.  This 
inexperience  and  lack  of  research  skills  presents  a  serious 
impediment  to  success  both  at  Southwestern  College  and 
where  applicable,  their  future  educational  success.  A  solid 
foundation  of  library  understanding  and  skills  can  only  be 
developed  in  a  user  -friendly  environment,  if  these  skills 
are  nc  ^oned  within  the  library  it  is  unlikely  they  wUl  be 
developed  elsewhere.  Unfortunately,  the  library  in  many 
cases  is  not  viewed  as  user-friendly.  If  these  students  are 
to  be  successful  they  must  be  given  access  to  information; 
they  must  understand  how  it  is  collected,  stored,  and 
disseminated.  Many  steps  are  being  taken  in  libraries 
throughout  the  United  States  to  remedy  this,  our  project  is 
one  of  these  many. 

To  correct  this  deficiency,  we  work  to  acqumnt  our 
clientele  with  the  most  essential  basics  of  library  research 
in  one-hour  bibliographic  instruction  classes,  arranged  by 
individual  instructors  and  offered  as  a  regular  part  of  the 
classroom  instructional  program.  The  librarians  are 
currently  conducting  approximately  300  of  these  one-hour 
sessions  per  academic  year.  In  addition  a  one-unit  class  is 
offered  in  the  boning  of  library  skills.  The  enrolhnent  at 
the  college  has  doubled  since  the  number  of  full-time 
librarians  last  increased.  An  on-line  (Dynix,  Inc.)  auto- 
mated catalog  and  CD-ROM  indexes  have  been  added, 
often  requiring  individual  orientations,  which  take 
additional  staff  time.  Given  these  facts  and  a  highly 
diverse,  multicultural  user  group,  a  question  arises;  how 
can  a  fixed  number  of  librarians  iM-ovide  the  personalized 
service  that  is  needed  when  it  is  needed?  Even  though  this 
class  is  extremely  successful  it  does  not  reach  all  students 
who  are  in  need  of  these  skills.  Our  quest  is  one  that  seeks 
the  student  that  is  unaware  of  his/her  need  for  these  skills. 
Instead  we  seem  to  get  the  bulk  of  the  students  in  one  on 
one  instruction  encounters  which  are  not  wholly  satisfy- 
ing for  the  student  or  the  librarian. 

While  the  in-class  orientation  sessions  and  the  credit 
class  are  worthwhile  and  positive  programs,  they  have  not 
been  the  perfect  solution  to  our  growing  and  serious 
problem.  Those  students  who  cannot,  for  whatever  reason 
attend  these  class  sessions  remain  ignorant  of  these 
essential  academic  research  skills.  Also,  because  of  space 
limitations  within  the  library  building  it  is  impractical  to 
guide  the  students  through  actual  library  collections. 
Thus,  while  they  may  gain  some  familiarity  with  the  basic 
theory  of  library  research,  they  remain  unfamiliar  with  the 
physical  arrangement  of  the  library  itself.  LasUy,  the 
necessity  of  presenting  large  amounts  of  information 
within  the  constraints  of  the  one-hour  session  precludes 
the  possibility  of  spending  much  time  with  individual 
students.  In  particular,  this  negatively  affects  those 
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students  whose  native  language  is  Spanish  or,  and  who 
may  consequently  have  difficulty  assimilating  the 
principles  presented  in  such  accelerated,  compressed 
programs  of  instruction. 

The  Instructional  Resources  division  oversees  the 
1  ibrary  and  the  LRC  which  houses  microcomputer  labs 
and  an  AV  production  area.  ITiis  division  in  addition  to 
striving  to  integrate  the  newer  technologies  into  the 
college's  curricula  is  creating  a  Macintosh  based  interac- 
tive videodisc  with  equipment  and  an  orientation  provided 
by  Southwestern*  s  Matriculation  funds.  An  interactive, 
multimedia  library  skills  tutorial  based  on  the  Southwest* 
em  College  Library  and  freely  accessible  to  students 
during  regular  library  hours  would  help  solve  these 
problems.  The  focus  of  this  is  to  improve  the  library  skills 
of  the  Southwestern  College  library  user  by  means  of  an 
always  available  standalone  technology  which  can  also  be 
used  as  a  supplementary  resource  to  improve  existing 
library  instruction  methods  as  outlined  above.  This  ty^ie 
of  system  would  be  an  ideal  partner  to  the  campus 
orientation  program  which  is  being  developed  to  guide 
new  students  through  the  campus  facility. 

The  library  will  be  one  location  for  a  Macintosh  Ilsi 
system  equipped  with  a  videodisc  player  for  the  campus 
orientation  program.  Since  expertise  can  be  provided 
within  its  own  division,  the  librarians  first  examined  the 
videodisc  format  as  an  answer  to  their  orientation  prob- 
lem. But,  the  pressing  of  the  first  videodisc  costs  about 
$2500.  Moreover,  the  program  the  librarians  envisioned 
did  not  require  full  motion  video  of  a  videodisc,  only  a 
few  score  photo-quality  images  would  be  needed  to 
supplement  the  text,  graphics  and  sound  capabilities  of 
the  Macintosh  station. 

Fornmately,  the  recent  introduction  of  the  Kodak 
PhotoCD  technology  makes  a  perfect  fit  to  the  librarians* 
problem.  For  under  $50,  a  local  Kodak  photofinisher  will 
transfer  up  to  100  slides  to  a  PhotoCD  in  a  few  days  time. 
The  PhotoCD  can  then  be  played  by  one  of  several 
inexpensive  players  available  today  either  by  remote 
conuol  or  by  computer  control.  By  adding  such  a  player 
to  the  already  planned  campus  orientation  station,  library 
users  will  be  able  to  interact  seamlessly  with  campus  and 
library  mfonnation.  The  MacIIsi  will  provide  audio 
explanations  by  a  librarian.  With  the  assistance  of  the 
college's  translator,  a  Spanish  language  version  will  be 
produced  simultaneously.  Also,  an  additional  player  and 
duplicate  of  the  produced  PhotoCD  will  provide  enhance- 
ment to  existing  course  and  group  orientation  sessions. 

Those  students  unable  to  attend  bibliographic  instruc- 
tion classes  would  not  be  lost  within  the  system,  but 
rather  integrated  into  it.  They  would  be  able  to  learn  much 
of  the  basic  material  by  working  with  the  interactive 
tutorial.  Also,  the  use  of  the  PhotoCD  technology  would 
provide  students  with  a  visual,  physical  awareness  of  the 


various  areas  and  collections  within  the  library.  To  serve 
our  multicultural  community,  a  toggle  between  the 
English  and  Spanish  texts  will  be  available  within  the 
interactive  tutorial.  Used  at  an  unhurried  pace  the  these 
critical  academic  skills  available  to  more  students.  Such  a 
system  would  allow  those  students  who  desire  to  use  the 
system  at  a  slower  pace  to  do  so.  This  would  facilitate  a 
broader  base  to  improve  comprehension,  as  well  as  a 
refresher  course  for  the  instruction  orientations  provided 
by  the  library  faculty. 

The  interactive  library  tutorial  will  improve  educa- 
tional quality  by  allowing  the  student  to  retrieve  the 
information  needed  to  complete  classroom  assignments, 
and  to  have  information  close  at  hand  for  personal, 
school,  business,  and  quality  of  life.  In  addition,  it  also 
promotes  the  educational  quality  of  the  students  by 
allowing  them  problem  solving  abilities  not  currently  in 
place  on  any  library  system.  We  would  not  only  by 
promoting  quality  of  instruction,  but  promoting  excel- 
lence within  and  without  the  classroom.  It  has  been 
proven  that  where  the  student  is  encouraged  the  institution 
retains  a  higher  percentage  of  students.  Hence  the 
matriculation  function  is  enhanced,  as  is  the  transfer 
function. 

The  focus  of  this  grant  is  to  serve  the  student  popula- 
tion in  a  ways  heretofore  unavailable  to  them.  A  system 
as  suggested  would  produce  a  *user-friendly'  environment 
which  could  be  placed  at  any  location  on  campus — in  the 
library,  in  the  classroom,  or  as  an  introduction  to  the 
Southwestern  College  Libi-ary  by  those  who  seek  to 
promote  the  college  and  its  beneficial  services. 

Educotional  Services  Addressed  by  this  Proposed 

The  project  is  funded  by  the  California  Community 
Colleges  Chancellor's  Offices's  Fund  for  Instructional 
Improvement  and  is  designed  to  positively  impact  all  six 
of  the  funding  priority  areas  as  authorized  by  California 
Assembly  Bill  1 173  (AB  1 173).  The  primary  purpose  of 
the  project  is  to  utilize  *non-traditional  forms  of  instruc- 
tion* to  enhance  services  to  all  users  of  the  library,  while 
freeing  the  librarians  to  concentrate  on  more  complex 
interaction  with  the  student.  The  program  will  also  appeal 
to  the  'special  learning  needs  of  the  educationally 
disadvantaged  student*  through  its  multi-modal  presenta- 
tion. Also  featured  within  this  is  the  Spanish  and  English 
language  versions.  Its  constant  availability  will  offer 
continuous  service  for  *new  clientele  including  older,  and 
working  adults.  A  clone  of  the  standalone  disc  will  be 
used  in  the  Library  1 10  class;  its  use  there  will  'improve 
the  library's  traditional  instniction  program.  The  product 
when  used  by  faculty  and  staff  will  aid  in  their  'brush  up* 
of  libi-ary  skills.  In  addition  to  AB  1173  considerations 
there  will  be  several  areas  of  the  1992-93  Basic  Agenda 
Priorities  addressed. 
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specific  Probterm  Mng  AddrMsod  in  th« 
Proposal 

As  were  previously  mentioned  there  are  a  number  of 
opportunities  that  can  be  grasped  by  the  developr.ient  of 
this  product.  The  problem  of  too  many  students  and  not 
enough  librarians  is  one  that  many  institutions  have. 
Southwestern  College  currently  enrolls  approximately 
17,000  students  per  semester,  while  only  having  3  full- 
time  librarians.  Secondly,  the  MatriculaUon  focus  of  the 
campus  requires  that  all  new  students  be  oriented  to  the 
campus.  This  also  demands  that  they  become  familiar 
with  the  library  and  its  functions.  Thirdly,  there  is  an  on 
demand  need  for  all  users,  faculty,  students  or  staff,  to 
have  access  to  library  Information.  Fourthly,  our 
multicultural  campus*  requires  a  diverse  approach  to 
learning  as  well  as  a  multimodal  presentation.  Fifthly,  it  is 
widely  recognized  that  in  order  for  a  student  to  have 
success  in  college,  they  must  have  access  to  information, 
no  matter  what  form  that  it  is  presented  to  them.  This 
translates  to  a  well  rounded  knowledge  of  the  library  and 
•  what  is  in  it.  Lastly,  the  faculty  need  to  be  given  the 
unique  opportunity  to  use  newer  technologies  for  the 
maximum  benefit  of  their  students. 

While  seeking  for  solutions  to  these  problems,  an 
extensive  literature  search  was  undertaken.  Several 
alternatives  to  our  plan  were  given  consideration.  Prin- 
ciple among  them  were  models  from  DeAnza  College*  s 
Campus  Orientation  Videodisc. 

Our  plan  is  to  develop  information  kiosks  located 
throughout  the  campus  which  would  contain  the  balance 
of  information  included  in  our  traditional  class.  Students 
could  then  access  this  information  whenever  it  is  most 
useful  and  convenient  for  them.  We  believe  the  advan- 
tages of  this  self-paced  orientation  include:  easy  and 
timely  access,  periodic  testing  and  remediation,  part-tune 
and  evening  students  are  able  to  get  oriented  at  their 
convenience,  counselors  are  free  to  preform  professional 
duties  other  than  the  dissemination  of  information.^ 

Other  models,  most  notably.  Southwest  Missouri  State 
University^  and  Ohk)  State  University^  were  studied  and 
reviewed  for  their  appUcability  to  Southwestern*  s  needs.  While 
each  has  its  annealing  aspects  a  relatively  new  process  was 
decided  on,  the  PhotoCD  which  was  being  developed  by 
Kodak.  At  this  point,  November  1992,  the  PhotoCD  player  has 
be  obtained  and  a  first  series  of  library  photos  have  been 
pressed  on  the  rhotoCD.  The  next  objective  is  to  integrate  via  a 
software  package  known  as  Maaanind  Director  and  tf^ 
standaid  HyperCard  package  the  PhotoCD  and  the  library 
informalKMi.  While  this  is  being  done  the  various  screens  are 
being  designed  and  tested  to  answer  specific  questions 
concerning  the  library  and  how  to  f mKtion  within  it  We 
anticipate  that  this  wiU  proceed  with  a  iiiinimum  of  headaches, 
ho  wever  ample  time  has  been  scheduled  to  allow  for  the 
unfoieseen. 


Project  Impact 

The  immediate  impact  of  the  completed  project  will 
be  that  library  users  will  have  continual  access  to  an 
erfeciive  and  efficient  means  of  learning  basic  skills 
necessary  Hi  best  utiUze  the  Ubrary.  Its  multimedia  nature 
will  appeal  to  the  diverse  learning  styles  of  our 
multicultural  student  body.  By  providing  a  path  for  users 
to  Unk  academic  knowledge  and  learning  outside  the 
classroom,  the  problem  solving  abilities  of  our  clients  will 
be  improved.  The  product  when  added  to  the  existing 
orientation  station  will  further  satisfy  the  matriculation 
requirement  to  orient  all  new  students  to  all  the  services 
of  the  college.  As  the  PhotoCD  package  frees  the  librar- 
ians to  concentrate  on  more  complex  tasks  the  student 
will  be  able  to  progress  at  a  pace  designated  by  them- 
selves. The  long  term  effect  will  continue  to  be  of  value 
as  Southwestern  worics  to  take  advantage  of  the  benefits 
offered  by  the  new  technologies. 

All  colleges  in  the  system  face  the  burden  of  wienting 
thousands  of  students  each  year  to  their  particular 
library's  configuration  of  services.  Most  work  with  a 
combination  of  group  and  individual  sessions  supported 
by  text  materials.  Others  use  some  form  of  techr.^2ogy 
from  video  or  audio  tapes  to  computer  assisted  insUnc- 
tion.  Our  project  lays  the  groundwork  for  a  new  kind  of 
pathway  for  orientations.  As  mentioned  previously,  the 
new  PhotoCD  concept  is  quick  and  very  mexpensive, 
providing  an  easy  way  to  incorporate  technology  to 
existing  programs  to  bring  the  maximum  number  of 
library  users  the  help  that  they  need.  The  new  technology 
will  not  replace  a  very  successful  program  of  classroom 
orientation,  nor  will  it  replace  the  need  for  one  on  one 
encounters  with  the  Reference  Librarian.  What  it  will  do 
is  supplement  known  information  with  a  comprehensive 
program  of  instruction. 

Project  Evaluation  and  Dis$en\ination 

Evaluation  of  the  project  effectiveness  will  take  place 
by  the  involved  librarians,  the  staff  and  most  importandy 
by  the  students  who  use  the  product.  Pretest  and  posttests 
are  bemg  designed  taking  into  account  how  much  the  user 
already  knew  about  library  research  as  well  seeking  input 
from  those  users  with  no  previous  library  knowledge. 
DisCTcpancy  analysis  will  be  a  basic  technique  used  to 
assess  consistency  between  pre  and  posttest  outcomes.  A 
project  log  will  be  maintained  by  the  project  staff  to 
provide  an  ongoing  record  of  project  activities,  revisions 
and  outcomes. 

Project  reports  will  be  disuibuted  upon  request.  In 
addition  the  Maaomind  Director  software  would  be 
available  and  might  serve  as  a  template  for  other  libraries, 
thereby  cutting  development  time  substantially.  The 
PhotoCD  itself  is  repUcable,  but  somewhat  costly 
(approximately  $30).  However,  as  the  material  it  contains 
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is  unique        Southwestern  College  Library,  other 
libraries  would  certainly  prefer  to  create  their  own  discs. 

Hie  college  is  committed  to  disseminating  the  project 
results  to  any  community  college  within  California 
through  the  Chancellor's  Office  network. 

Conclusion 

The  PhotoCD  product  as  being  developed  at  the 
Southwestern  College  Libraiy  will  be  an  inexpensive, 
effective  means  of  allowing  students  to  gather  informa- 
tion on  information  gatliering.  Because  it  is  multimedia  it 
will  appeal  to  a  population  that  is  diverse  with  varied 
learning  styles.  When  this  product  comes  online  it  will 
become  a  compliment  to  the  in-class  orientations  that  are 
already  a  vital  part  of  the  library's  instructional  program. 
It  is  meant  to  simple  to  use  as  well  as  comprehensive.  For 
these  reasons  it  is  felt  that  the  product  will  be  a  success. 

Endnotes 

'    Campus  statistics  on  population  cmrenlly  indicate: 
47%  Hispanic,  1 1%  Filipino,  8%  Black,  2%  or  less  are 
American  Indian,  and  the  balance  is  While. 

^    from  the  DeAnza  College  self-description  (Handout 
next  to  system).  DeAnza  College,  Cupertino.  Califor- 
nia. 

^  Query:  An  information  source  on  Administrative 

Computing,  Fq1\  1991.  p.  11. 
^  Query:  An  information  source  on  Administrative 

Compming,  Fall  1991,  p.  14-15. 
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The  collection  of  papers  in  thi:  section  center 
around  two  themes,  pre-service/in-service 
education  and  laboratoiy  and  classroom  design. 
John  Watkins  of  Texas  Lutheran  College  poses  an 
interesting  lead  off  question— Technology  aiul  Education: 
Are  they  really  compatible?  In  his  conclusions,  Watkins 
laments  that  the  "...application  and  use  of  educational 
technology...  is  at  best  a  piecemeal  and  uncoordinated 
effort^**  characterized  by  excellence  in  some  districts  and 
anachronistic  methods  in  neighboring  districts.  As  a  top 
priority,  he  argues,  all  teachers  must  be  provided  with  a 
computer,  appropriate  software,  and  the  training  neces- 
sary to  make  good  use  of  it. 

In  Teaching  Teachers  to  Evaluate  Software:  A  system 
and  an  example,  Clebome  Maddux  of  the  University  of 
Nevada  at  Reno  expands  upon  a  software  classification 
paradigm  which  he  developed  with  Cummings,  Johnson, 
and  Willis.  Software  described  as  Type  I  is  characterized 
by  (1)  relatively  passive  involvement  on  the  part  of  the 
user,  (2)  limited  interaction  between  the  user  and  the 
machine,  and  (3)  the  capabilities  of  the  program  can  be 
observed  in  a  short  time  span  (10  minutes  or  less).  Drill 
and  practice  packages  are  typical  of  Type  I  applicatioRS. 
By  contrast,  Type  II  software  is  characterized  by  (1) 
active  involvement,  (2)  user,  rather  than  machine  deter- 
mined interaction,  and  (3)  a  learning  curve  wMch  requiies 
days  or  weeks  of  exploration  to  determine  all  capabilities 
of.  Examples  of  Type  II  software  are  word  processing, 
spreadsheets,  and  data  base  packages.  Maddux  argues  for 
increased  utilization  of  Type  II  software  despite  the 
obvious  investment  which  must  be  made  in  teacher 
preparation;  the  rewards,  he  asserts,  can  be  great.  As  an 
example,  Maddux  cites  the  use  of  computer  software  to 
assist  students  in  writing  Cinquain  poetry.  The  code  for 
the  program,  written  in  Logowriter,  is  incorporated  into 
tlie  paper. 

In  Using  Technology  in  the  Classroom:  Today  and 
Tomorrow,  Tony  Mitchell  of  St.  Cloud  State  University 
and  Marcin  Paprzycki  of  the  University  of  Texas  of  the 
Permian  Basin  first  considers  the  nature  of  computer 
instruction  in  pre-service  curricula,  and  proceeds  to 
describe  a  course  under  development  at  St.  Cloud  State. 
They  argue  that  the  use  of  networks  as  both  a  communica- 
tion and  instructional  tool  is  necessary  to  prepare  teachers 
for  the  classroom  of  tomorrow. 

Nada  Mach  of  California  State  University— 
Dominguez  Hills  reports  the  results  of  an  effort  on  twenty 
California  State  University  campuses  to  produce  a  manual 
entitled  Computers  in  the  Curriculum:  Exercises  for 
Integrating  Technology  into  Instruction.  Mach*s  paper, 
entitled  A  Novel  Database  Lesson  for  Pre-service  and  In- 
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service  Secondary  Teachers  presents  a  detailed  lesson  on 
database  design  which  emerged  from  that  effort. 

In  Establishing  a  New  Course:  Design  and  Presenta- 
tion of  Information,  Joyce  Kupsch  of  California  Stale 
Polytechnic  University — Pomona,  describes  a  new 
college  course  aimed  at  examining  the  components  of  a 
successful  presentation.  The  use  of  a  desktop  presentation 
package  is  a  central  element  of  the  course.  Kupsh  de- 
scribes the  need  for  the  course  together  with  a  description 
of  its  content  and  assignments. 

Robert  Sanche,  Leonard  Haines  and  Gladene 
Robertson  of  the  University  of  Saskatchewan  describe  the 
development  of  AIMS  Co-Planner,  a  three-year  develop- 
ment effort  to  produce  a  CSI  (Computer  Supported 
Insdruction)  package  for  use  as  special  education  students 
are  mainstreamed,  but  with  applicability  elsewhere.  CSI, 
the  authors  describe,  is  more  closely  related  to  CMI 
(Computer  Managed  Instruction),  than  to  CAI  (Computer 
Assisted  Instruction). 

On  the  periphery  of  this  group  of  papers  lies  Copy- 
riglu:  Rights  and  Liabilities  of  Authors  and  Users  of 
Multimedia  Presentations  by  Diane  and  Michael  Hoadley 
of  the  University  of  South  Dakota.  The  authors  present  a 
well-organized  description  of  the  history  and  evolution  of 
the  copyright  law,  and  its  application  in  an  educational 
setting.  Recent  advances  in  technology  which  make  il 
possible  for  c(Mnputer  users  to  capture  sound  and  video 
and  to  repackage  it  in  a  multimedia  presentation  raise 
interesting  and  potentially  vexing  copyright  issues. 

The  second  group  of  papers  center  around  the  creation 
of  computer  and  multimedia  labs  or  classrooms.  In 
Helping  Faculty  to  Cope  With  the  Classroom  in  the  Year 
2000:  How  To  Get  a  Head  Start,  Len  Proctor  of  the 
University  of  Saskatchewan  describes  the  design  and 
implementation  of  a  computer  classroom  for  use  by  the 
Education  Department  at  that  institution. 

Judy  Lee  of  Southeastern  Louisiana  University 
follows  with  The  ABC's  of  Designing  and  Developing  a 
Media  Production  Laboratory  for  Education  Majors,  A 
three  phase  design  introduces  students  to  equipment  of 
increasing  sophistication  as  they  progress  through  the 
program. 

The  final  selection,  Choosing  Computer  Hardware  for 
Instruction:  Asking  the  Right  Questions,  by  Shirley 
Gaitmann  of  the  University  of  Wisconsin  at  Whitewater 
presents  a  framework  for  making  appropriate  equipment 
selections. 
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Technology  and 
education:  Are  they  really 

compatible? 

John  Watkins 
Texas  Lutheran  College 


Popular  technology  magazines  such  as 
MACWORLD  (Sept  1992)  are  now  reporting  on 
the  heavy  investment  that  America  has  made 
during  the  last  decade  on  the  installation  of  personal 
computers  in  our  cchools.  This  investment  is  no  surprise 
to  the  educational  community,  but  perhaps  the  findings  of 
MACWORLD  arc.  The  cover  of  this  widely  read  com- 
puter magazine  states  "America's  Shame".  On  the  cover 
is  the  picture  of  a  student  asleq)  at  a  computer.  The 
coirputers  screen  is  covered  with  a  sign  that  reads 
"Computer  Broken  Do  Not  Use".  Have  the  people  at 
MACWORLD  found  something  that  we  in  education 
have  missed,  of  have  we  just  not  been  looking? 

In  another  technology  periodical,  MacWEEK  (Sept, 
92,  pp  42)  Jean  Louis  (jassee,  formally  of  Apple  Com- 
puter, comments  that  we  really  do  not  have  a  good  control 
group  for  our  computers  in  education  experiments.  Gassee 
asks,  where  have  we  spent  the  same  kind  of  money  and 
resources  for  a  non-computer  school  as  we  have  for  those 
that  received  computers?  Where  have  we  empowered  the 
teachers  in  the  same  way?  In  reviewing  journals  such  as 
T.H.E.  (Technological  Horizons  in  Education),  Apple's 
Syllabus,  and  others,  I  find  that  we  have  usually  reported 
on  our  successes  rather  than  our  failures.  Even  though 
MACWORLD  is  a  popular  non-refereed  magazine,  the 
comments  and  observations  in  the  articles  deserve  some 
thought. 

According  to  Lewis  Perelman  (1992),  in  his  book 
School's  Out,  there  is  a  learning  revolution  going  on  and 
its  not  occurring  in  the  classroom.  Perebnan  states,  "A 
new  wave  of  knowledge  technology  has  put  the  access  to 
enhanced  learning  at  our  fingertips."  Perehnan  and  others 
are  not  just  talking  and  writing  about  computers,  they  are 
talking  about  a  whole  new  way  of  learning  that  allows 
access  to  the  world  through  the  use  of  technology.  This 
technology  ranges  from  normal  presentation  media 
through  computer  learning,  in  all  of  its  various  forms,  to 
distance  learning.  None  of  this  necessarily  requires  the 
use  of  the  classroom  or  the  accepted  stereotypical  version 
of  the  teacher.  However,  to  accc«nmodate  this  new  way  of 
learning,  one  of  the  most  important  requirements  will  be 
talented  trained  people  to  facilitate  learning. 

As  Allan  Omstein  points  out  in  his  article  Mcking 
Effective  Use  of  Computer  Technology  (1992),  computers 
and  odier  new  devices  such  as  laser  disks  have  the 
potential  for  making  a  far  greater  impact  in  the  educa- 
tional technology  field  than  at  any  time  in  the  past  The 
new  integrated  technology  available  today  offers  greater 
student  and  teacher  interaction  than  ever  before.  If  we 
include  older  technology  such  as  television,  16mm 
movies,  fihnstrip  projectors,  and  the  like,  we  really  do 
have  the  ability  and  opportunity  to  make  an  impact  on 
learning. 

Television  is  a  t-xhnology  that  has  been  around  for 
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almost  fifty  years,  and  has  never  fully  met  its  educational 
potential.  It  is  used  very  successfully  to  sell  everything 
from  automobiles  to  Malcom  X.  Unfortunately,  education 
and  learning  have  little  immediate  conMnercial  value  and 
thus  are  often  ignored  by  those  that  should  offer  or  watch 
this  type  of  programing*  An  exception  to  this  is  the 
Channel  One  system  by  Whittle,  bringing  news  and 
commercials  into  the  schools  from  fifth  grade  through 
high  school.  Programing  offered  on  the  Public  Broadcast- 
ing System  (PBS),  The  Discovery  channel,  and  the 
Learning  channel,  to  name  a  few,  provide  interesting  and 
informative  programs  that  often  have  direct  applicability 
to  a  number  of  content  areas  in  the  classroom. 

One  of  the  problems  highlighted  by  John  Goodlad's 
study  of  the  education  of  educators  is  the  disconnection 
between  the  college  and  university  systems  and  the  public 
schools.  In  At  the  Crossroads:  Linking  Teacher  Education 
Renewal  to  School  Reform  (Finney,  in  press),  Finney 
finds  that  many  states  are  making  attempts  to  refonn  the 
school  without  any  serious  attention  to  the  undergraduate 
education  of  future  teachers.  These  reforms  will  certainly 
effect  how  we  prepare  our  future  teachers  to  utilize 
technology  in  their  classrooms.  As  has  been  pointed  out  in 
many  articles  and  political  speeches,  many  states  ai*e  hard 
pressed  financially  and  education  departments  at  colleges 
and  universities  have  never  been  over  funded.  Perhaps  the 
proper  place  to  begin  the  reform  in  the  use  of  technology 


is  with  the  teacher  educators  themselves,  by  prq)erly 
funding  some  of  the  programs  that  are  needed. 

What  have  we  accomplished,  where  do  we  go  from 
here,  and  how  can  we  make  it  better?  Statistics  from  the 
United  States  Department  of  Education  indicate  that  more 
than  fifty  percent  of  children  in  grades  one  through  eight 
use  a  computer  in  their  school,  no  matter  the  raphic 
location,  cultural  makeup  of  the  population,  or  wealth  of 
the  school  system.  The  high  schools  also  have  an  installed 
base  of  computers  which  is  often  associated  with  business 
education  and  keyboarding.  Unfortunately,  many  schools 
install  computers  in  classrooms  or  labs  without  thought  to 
the  necessary  training  of  the  teacher  that  is  supposed  to 
make  use  of  them.  We  often  install  only  one  computer  in 
a  classroom  and  expect  the  teacher  to  use  it  in  a  supple- 
mental 'ole. 

In  many  schools,  we  find  equipment  that  is  obsolete, 
underused,  or  unused  for  any  educational  purpose  at  all. 
ITiese  resources  have  cost  us  millions  of  dollars  and  they 
are  being  wasted.  Is  this  the  case  for  all  schools?  Of 
course  not,  in  many  schools  these  devices  are  in  use  all 
day  long  with  children  busy  doing  tasks  that  help  them  to 
learn  and  teachers  to  teach.  What  then  is  the  difference 
between  the  school  with  the  computers  sitting  unused  and 
the  school  that  is  making  use  of  the  equipment  for 
education? 

Educational  institutions  that  m^ake  effective  use  of 
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College  Student  Computer  Ownership 


Figure  2 


technology  have  certain  things  in  common,  such  as  a  long 
term  commitment  of  support  for  hardware,  software,  and 
training.  Technologically  and  educationally  successful 
schools  utilize  all  available  technology  and  know  that 
computers  are  not  the  only  technology  available.  Other 
presentation  media,  such  as  VCRs,  Laser  disk  players, 
slide  projectors,  etc.  have  also  been  integrated  into  the 
curriculum.  Ihese  schools  incorporate  the  use  of  technol- 
ogy as  an  integral  part  of  the  educational  system,  not  as  an 
add-on  or  supplemental  activity.  Successful  schools  also 
continue  to  make  an  investment  in  new  machines, 
software,  and  educator  training  as  their  older  equipment 
and  software  becomes  obsolete,  is  replaced,  and  a  new 
uaining  cycle  begins.  These  schools  also  have  teacher 
inservice  on  the  use  of  technology  to  help  the  staff  feel 
comfortable  in  using  these  devices.  All  of  the  school  is 
brought  on  line  through  a  long  term  investment  in  both 
the  students  and  the  teachers. 

Another  large  resource  for  learning  exists  at  the 
various  colleges  and  universities  that  make  up  the  higher 
education  system  in  this  country.  As  is  shown  in  Figure  1, 
the  faculties  of  our  universities  and  colleges  are  rapidly 
purchasing  computers  and  using  technology  to  help  them 
with  their  research  efforts,  these  educators  are  also 
making  use  of  telecommunications  and  e-mail  to  confer- 


ence with  their  peers,  but  how  many  pass  on  these  uses  of 
technology  to  students? 

Data  from  EDUCOM's  annual  survey  as  reported  by 
DeLoughry  (1992)  in  The  Chronicle  of  Higher  Education, 
indicate  that  both  college  faculty  members  and  their 
students  (figure  2)  are  purchasing  computers  at  an 
increasing  rate. 

Data  from  Arkansas  taken  in  1989  and  1990,  (Watkins 
1990)  indicates  that  26%  of  the  high  school  students 
surveyed  owned  their  own  computers  or  had  access  to  one 
in  their  homes.  If  high  school  student  ownership  of 
computer  parallels  that  of  higher  education,  we  will  see 
an  increase  in  computer  literate  students  coming  into  our 
college  classes.  (Figure  3) 

Many  of  our  students  in  elementary,  secondary,  and 
college  classrooms,  continue  to  plod  through  yet  another 
drill  and  practice  routine  which  research  has  proven  to  be 
the  least  effective  method  of  using  computer  aided 
instruction  (CAI).  The  results  of  a  random  survey  of  83 
science  teachers  in  Arkansas  on  the  uses  of  computers  and 
programs  are  tabulated  in  Table  1  (Watkins,  1990). 
Observations  at  elementary,  high  schools,  and  colleges  in 
Texas  this  year  indicate  that  similar  results  would  be 
obtained  in  that  state,  with  perhaps  an  inaease  in  the  use 
of  drill  and  practice  software  at  the  elementary  level. 
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High  School  Student  Ownership 


■  HS  Student  90 
^  HS  Student 91 
^  HS  Student 92 


Figure  3 


Table  1 

Table  2 

Teacher  Utilization  of  Computer  Applications 

Teacher  Inservice  Rating 

Method                 Respondents         Percentage  % 

Rating  Respondent 

Percent 

Drill  and  practice  26 

Simulation  21 

Word  processing  15 

Data  base  8 

Interactive  video  7 

Lab  monitoring  4 

Other  (grade  book)  2 


31 
25 
18 
10 
8 
5 
2 


A  survey  of  Arkansas  science  teachers  taken  in  1990, 
asked  if  they  had  ever  attended  an  inservice  on  using 
computers  for  educational  purposes,  and  if  so,  how  useful 
the  inservice  was  in  their  professional  growth.  Survey 
results  show  that  51  of  99  (52%)  teachers  indicated  that 
they  had  attended  an  inservice.  The  usefulness  of  this 
training  is  shown  in  Table  2.  It  is  of  interest  that  those 
teachers  indicating  little  use  for  the  inservice.  had  no 
computers  in  their  classrooms. 


1  Very  useful 
2 

3  Useful 
4 

5  No  use 


13 
4 

18 
8 
8 


25% 
8% 
35% 
16% 
16% 


In  a  review  of  the  literature  on  teachers'  attitudes 
toward  computers,  Dupagne  and  Krendle  (1992)  found 
that  in  general,  teachers  express  a  positive  attitude  toward 
the  implementation  of  computers  in  their  classrooms  and 
the  curriculum.  The  main  reservations  and  concerns  were 
voiced  in  the  availability  of  hardware,  the  suitability  of 
software,  and  the  lack  of  training  available  to  preservice 
and  inservice  teachers.  The  mthors  point  out  that  their 
review  of  the  literature  suggests  that  teacher  training  is 
the  critical  component  for  the  successful  implementation 
of  any  computer  project.  Inservice  training  and  workshops 
for  teachers  need  to  emphasize  better  coordination 
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between  teachers  and  administrators.  These  comments  are 
particularly  true  now,  with  the  integration  of  other 
technological  devices  such  as  the  CD  Rom,  multi-media 
presentation,  and  level  tiiree  (computer  interfaced)  laser 
disk  player  into  the  classroom. 

Many  states  are  now  setting  up  online  connections  for 
teachers,  students,  and  oOier  educational  professionals 
Uiat  allow  tiiem  to  share  lesson  plans,  educational 
information  and  otiier  data  for  use  in  the  classroom  and 
research.  The  state  of  Texas  has  set  up  TENET  (Texas 
Education  Network)  which  allows  educators,  administra- 
tors, and  students  to  communicate  around  the  world 
Uirough  a  connection  to  Internet  and  Bitnet.  Teachers  can 
receive  training  on  how  to  use  tiiis  program  tiirough 
regional  training  centers  tiiroughout  the  state.  Otfier  states 
have  or  are  setting  up  similar  distance  learning  programs. 

The  opportunities  in  distance  learning  are  literally 
worldwide.  Teachers  and  classes  can  now  conmiunicate  in 
real-time  wiOi  otiiers  around  the  world.  Unfortunately, 
once  again  very  few  pres^ice  and  inservice  teachers  are 
provided  witii  information  on  tiiis  opportunity  for 
learning.  Also,  while  many  schools  do  have  at  least  die 
minimum  number  of  computers  to  participate  in  tiiis  type 
of  learning,  it  is  often  very  difficult  to  get  tiie  necessary 
phone  line  installed. 

Maiiy  colleges  and  universities  Uiat  are  involved  in  tiie 
education  of  preservice  and  graduate  teachers  are  now 
going  through  tiie  process  of  incorporation  of  courses  in 
technology  and  how  to  use  it  into  tiieir  curriculum.  The 
state  of  Texas  and  otiiers  have  been  providing  funds  in  die 
form  of  grants  for  die  development  of  pilot  and  research 
programs  into  tiie  effective  use  of  educational  technology 
for  tiie  past  two  decades.  These  programs  are  necessary, 
but  are  of  limited  scope  when  it  comes  to  tiie  jH^ctical 
details  of  implementing  tiieir  findings  state  wide  or  at  tiie 
national  level. 

Some  of  die  major  concerns  of  die  Guadalupe  Valley 
Educational  Collaborative  Advisory  Conunittee,  a  group 
of  industry,  college  and  public  school  professionals  in  die 
San  Antonio  and  Austin  area  in  Texas  are: 

1.  education  in  die  use  of  educational  technology  for 
preservice  teachers  at  die  college  or  university  level; 

2.  well  prepared  continuing  iaservice  instruction  for 
teachers  in  basic  and  advanced  uses  of  educational 
technology; 

3.  continuing  access  to  equipment  and  programs  for 
teachers  after  inservice  training; 

4.  proper  long  term  funding  from  local,  state  and  national 
levels  for  research  and  die  implementation  of  educa- 
tional technology; 

5.  die  major  focus  areas  for  die  implementation  of  die 
use  of  educational  technology  be  in  die  areas  of 
science  and  mathematics; 

6.  diat  colleges  and  universities  collaborate  widi  public 


schools  on  die  implementation  of  training  in  die  use  of 
technology  for  education  at  die  teacher  preparation 
and  mservice  level; 
1.  diat  die  advantages  of  sharing  equipment  and  trainmg 
resources  be  explored; 

8.  diat  die  advantages  for  die  use  of  educational  technol- 
ogy be  clearly  demonstrated  to  preservice  and 
inservice  teachers; 

9.  tiiat  any  adoption  of  technology  requires  planning  and 
ongoing  comnutment  to  maintain  bodi  die  technology 
and  die  training  of  personal; 

10.  bodi  preservice  and  inservice  teachers  need  to  know 
about  bodi  MS-DOS,  Macintosh  and  OS/2  based 
platforms  plus  older  systems  such  as  die  Apple  11 
series. 

Conclusions 

Successful  incorporation  of  technology  into  die 
educational  system  at  all  levels  must  include  a  long  term 
commitment  to  continual  upgrading  of  hardware,  soft- 
ware, and  die  training  of  all  involved.  This  can  be 
accomplished  at  eidier  die  school  itself,  a  regional  center, 
or  a  cooperating  coUege  or  university.  The  colleges  and 
universities  have  a  responsibility  in  educating  bodi 
inservice  and  future  teachers  in  die  efficient  use  of 
technology  for  all  levels  of  classroom  teaching. 

Tbe  application  and  use  of  educational  technology  in 
die  United  States  is  at  best  a  piecemeal  and  uncoordinated 
effort  diat  is  usually  created  and  implemented  at  die  local 
level.  Some  of  diese  efforts  show  us  what  might  be,  and 
are  often  reported  as  showing  diat  die  use  of  technology  is 
alive  and  well  in  America.  However,  die  next  school 
district  may  still  be  using  just  blackboards,  widiout  even 
an  overhead  projector  because  of  funding  problems. 

As  Deborah  Branscumm  (1992)  points  out,  "Every 
state,  every  school  district,  and  every  school  should 
develop  plans  in  consultation  widi  teachers,  students, 
parents,  and  school  administrators  to  integrate  computers 
and  related  technology  into  die  curriculum". 

The  general  public,  private  industry,  and  public 
institutions  have  a  large  installed  base  of  relatively 
modem  computers.  This  base  could  be  used  partially  to 
supplement  our  educational  base  until  it  is  standardized 
and  modernized. 

Our  first  priority  should  be  to  provide  inservice 
training  to  our  teachers  and  provide  each  widi  a  modem 
computer  and  software  to  use  on  it.  At  die  same  time 
modernize  our  teacher  training  institutions  and  dieir 
curriculum  to  include  multi-platform  training  on  die  use 
of  computers  and  odier  available  technology  for  educ- 
tion. At  a  minimum,  diis  training  should  include  die 
production,  and  proper  use  of,  visual  media,  television, 
including  use  of  off  die  air  media,  and  copyright  training. 
This  training  will  dien  help  preservice  and  inservice 
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teachers  integrate  technology  into  their  curriculums. 

As  Mr.  Borrell  (1992)  points  out  in  his  commentary  in 
MACWORLD,  it  would  be  helpful  If  the  Federal  Govern- 
ment would  provide  leadership  in  initiating  programs  and 
setting  some  policy  standards  for  how  education  in  the 
United  States  is  to  be  conducted. 

The  Department  of  Education  should  commission  a 
survey  of  all  of  the  states  as  to  the  extent  of  their  existing 
technological  base.  This  data  could  then  be  used  to 
provide  the  necessary  national  programs  and  if  necessary, 
materials  to  utilize  both  private  and  public  resources  for 
learning. 
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Teaching  teachers  to 
evaluate  software:  A 
system  and  an  example 

Cleborne  D,  Maddux 
University  of  Nevada.  Reno 


A truism  of  long  standing  is  that  the  field  of 
educational  computing  is  plagued  by  an  abun 
dance  of  poor  quality  software.  Lockard, 
Abrams,  and  Many  (1987)  summed  up  the  situation  weU 
when  they  suggested  that  "Virtually  any  gathering  of 
educators  with  computer  interests  will  at  fome  point 
prompt  discussion  of  the  appaUing  quality  of  courseware 
on  the  market''  (p.  177), 

Even  though  educational  software  quality  has  im- 
proved in  recent  years,  there  is  evidence  that  poor  quality 
is  still  a  significant  problem,  Neill  and  Neill  (1989) 
publish  periodic  guides  to  educational  software,  llieir 
1990  edition  reports  finding  many  poor  programs  and 
identifies  only  seven  percent  of  the  11,000  tides  examined 
as  "excellent."  Similarly,  the  Office  of  Technology 
Assessment  (1988)  interviewed  computer  coordinators 
and  oUier  public  school  officials  and  concluded  tiiat 
software  quality  is  still  a  major  problem. 

However,  excellent  educational  software  is  available, 
and  the  problem  for  educators  is  devising  review  and 
evaluation  procedures  to  ensure  that  only  tiie  best 
software  is  selected  for  purchase.  Because  tiie  pool  of 
available  software  is  grov.  ing  rapidly,  and  because  state 
and  local  budget  crises  continue  to  limit  tiie  amount  of 
money  schools  can  use  for  software  purchases,  such 
software  evaluation  procedures  are  becoming  more 
critical  for  teachers  and  teachers-in-training. 

The  magnitude  of  die  review,  evaluation,  and  selec- 
tion dilemma  can  be  seen  in  light  of  die  fact  tiiat  at  least 
2,000  new  programs  are  released  each  year  (Office  of 
Technology  Assessment,  1988)  to  add  to  die  1990  total  of 
well  over  20,000  educational  programs  (Geisert  and 
Futrell,  1990). 

Altiiough  many  introductory  educational  computing 
textbooks  include  chapters  on  educational  software 
evaluation  and  p-ovide  sample  evaluation  fonns,  most 
such  schemes  lack  any  underlying  rationale  or  systematic 
approach. 

The  purpose  of  tiiis  paper  is  to  suggest  tiiat  software 
evaluation  skiUs  should  be  carefuUy  taught  to  teachers 
and  teachers-in-training,  and  tiiat  such  skills  should  be 
based  on  a  conceptual  framework  in  which  software  is 
classified  as  Type  I  or  Type  II  software  (Maddux  & 
Cummings,  1986;  1987;  Maddux,  Johnson,  &  WiUis, 
1992). 

Categorizing  Educational  Software 

Type  I  software  makes  it  quicker,  easier,  or  otiierwise 
more  convenient  to  continue  teaching  in  traditional  ways. 
Type  II  software  makes  new  and  better  teaching  metiiods 
available  -  metiKxis  tiiat  would  not  be  possible  witiiout  tiie 
use  of  the  computer. 

Altiiough  I  believe  tiiat  Type  II  software  is  generally 
more  educationally  important  tiian  Type  I,  tiie  reader 
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should  not  infer  that  Type  I  and  Type  II  axe  synonymous 
with  "bad"  and  "good."  This  is  so  because  much  tradi- 
tional teaching  is  worthwhile  and  useful.  Therefore, 
software  that  facilitates  its  use  (Type  I)  is  also  worth- 
while, and  should  be  part  of  the  inventory  of  every 
computer-using  teacher. 

The  reason  that  I  believe  that  Type  II  software  is  more 
desirable  than  Type  I  is  related  to  the  relative  significance 
of  the  educational  problems  addressed  by  each  type.  As 
will  be  seen  from  the  discussion  that  follows  this  section. 
Type  II  software  is  usually  aimed  at  teachuig  skills  and 
concepts  that  most  educators  would  agree  are  much  more 
significant  and  much  more  difficult  to  teach  than  are  those 
targeted  by  Type  I  software. 

This  distinction  is,  I  believe,  important  in  software 
evaluation  and  selection,  and  critical  in  determining  the 
fate  of  the  educational  computing  movement  in  general.  I 
have  often  stated  that  I  believe  ihat  the  educational 
computing  movement  is  currc.tly  at  risk  (i.e.,  Maddux, 
1987;  Maddux  &  Johnson,  1989;  Maddux,  Johnson,  & 
Willis,  1992).  I  am  today  more  confident  than  I  once  was 
of  the  general  survival  and  success  of  educational 
computing.  However,  the  field  is  still  very  much  embry- 
onic in  its  development,  and  great  cart  must  be  exercised 
if  we  hope  to  see  educational  computing  accepted  as  a 
legitimate  and  valuable  sub-discipline  within  education 
and  psychology.  Although  Type  I  software  with  its 
emphasis  on  traditional  teaching  and  learning  is  not 
without  merit,  I  still  believe  that  it  is  Type  II  applications 
that  have  the  potential  to  legitimize  educational  technol- 
ogy. My  colleagues  and  I  summed  up  our  impressions  of 
Type  I  and  Type  II  applications  as  follows: 

Type  I  computer  applications  are  useful  and  conve- 
nient, and  can  and  should  play  an  important  educational 

role  However,  Type  I  applications  by  themselves,  no 

matter  how  well  done,  cannot  justify  educational  comput- 
ing to  media  critics,  other  educators,  school  board 
members,  legislators,  or  the  public  at  large.  Type  I  uses 
are  insufficient  because  educational  computing  is  too 
expensive  to  devote  entirely  to  relatively  trivial  problems. 
Although  dollar  costs  continue  to  decline,  computer 
hardware  and  software  still  require  substantial  financial 
investment.  The  less  obvious  and  probably  more  signifi- 
cant expense  is  in  terms  of  the  time,  effort,  and  enthusi- 
asm of  teachers  and  students.  Teachers  and  students  have 
a  limited  supply  of  these  ingredients  to  invest  in  teaching 
and  leamuig.  If  the  time,  effort,  and  enthusiasm  of  either 
group  are  devoted  to  materials  and  methods  that  are 
inefficient  or  that  can  only  achieve  goals  of  relatively 
limited  importance,  such  materials  and  methods  are  not 
likely  to  receive  lastuig  support.  Therefore,  although 
excellent  Type  I  applications  are  to  be  supported  and 
encouraged,  we  believe  that  a  balanced,  successful 
educational  computing  program  requires  the  development 


and  use  of  both  Type  I  and  Type  II  applications. 
(Maddux,  Johnson,  &  Willis,  1992,  p.  23) 

Type  I  Software 

Type  I  software  makes  it  quicker,  easier,  or  otherwise 
more  convenient  to  continue  teaching  in  traditional  ways. 
Type  I  software  is  highly  varied,  but  usually  share  one  or 
more  of  the  following  characteristics: 

1 .  Type  I  software  requires  and  encourages  only  rela- 
tively passive  intellectual  involvement.  Although  such 
software  is  interactive,  it  usually  involves  and  devel- 
ops rote  memory,  or  highly  limited  and  mechanical 
responses  such  as  that  required  for  simple  arithmetic 
computation  or  sight  word  recognition.  Higher  order 
thinking  skills  are  seldom  required. 

2.  Most  of  what  occurs  on  the  screen  has  been  predeter- 
mined by  the  software  developers,  including  the  type 
of  limited  interaction  between  learner  and  machine. 
The  learner  may  be  prompted  to  make  certain,  limited 
choices,  but  the  majority  of  what  occurs  was  decided 
beforehand  by  the  software  designers,  rather  than  by 
the  user. 

3.  Everything  the  software  is  capable  of  doing  can  often 
be  observed  in  ten  minutes  or  less.  Although  different 
problems  may  be  generated,  the  format  of  the  prob- 
lems is  either  identical  throughout,  or  involves  only  a 
few  variations. 

Some  examples  of  Type  I  uses  of  computers  include  drill 
and  practice,  tutorial  uses,  assessment  uses,  adj  linis- 
trative  uses,  and  computer  managed  instruction. 

Type  II  Software 

Type  II  software  makes  new  and  better  teaching 
methods  available  -  methods  that  would  not  be  possible 
without  the  use  of  the  computer.  Although  Type  II 
software  is  even  more  varied  than  is  Type  I,  it  often 
shares  one  or  mwe  of  the  following  characteristics: 

1.  Type  II  software  requires  and  encourages  relatively 
active  intellectual  involvement.  Although  both  Type  I 
and  Type  II  software  is  usually  interactive.  Type  II 
software  more  often  involves  higher  order  thinking 
skills  and  creativity,  rather  than  simple  rote  memory 
and  mechanical  skills.  Word  processing  is  an  example 
of  Type  II  software  that  clearly  requires  much  more 
complex  cognitive  involvement  than  does  Type  I 
software  such  as  drill  and  practice  in  multiplication 
facts. 

2.  Most  of  what  occurs  on  the  screen  is  determined  by  the 
user,  rather  than  the  software  developer,  and  the  type 
of  interaction  between  learner  and  machine  usually 
involves  a  highly  varied  (sometimes  unlimited) 
repertoire  of  acceptable  responses.  Many  examples  of 
TjT)e  II  software  (although  not  all)  furnish  the  user 
with  a  blank  screen  and  a  powerful  way  to  put  a  wide 
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variety  of  content  on  that  screen.  Three  good  examples 
of  this  are  word  processing,  spreadsheets,  and  data 
base  management  software. 
3.  It  often  requires  days  or  weeks  of  use  before  every- 
thing the  software  is  capable  of  doing  has  been 
observed.  Although  not  invariably  true  of  Type  II 
applications,  this  characteristic  is  one  reason  that  good 
software  reviews  of  some  Type  II  applications  are 
difficult  to  find.  It  is  quite  easy  for  busy  staff  writers  to 
preview  a  new  piece  of  drill  and  practice  software  and 
write  a  quick,  intelligent  review  of  that  software.  Since 
everything  that  the  software  can  do  can  often  be  seen 
in  a  matter  of  minutes,  the  entire  process  of  preview, 
including  writing  the  review,  may  take  less  than  an 
hour.  It  is  quite  another  matter  to  write  a  perceptive 
review  of  a  new  word  processor  or  a  new  educational 
simulation,  when  the  nuances  of  these  programs  may 
take  weeks  to  fully  explore. 
Examples  of  Type  II  software  include  word  proces- 
sors, electronic  spreadsheets,  database  management 
software,  programming  languages,  simulations,  certain 
types  of  problem-solving  software,  software  that  provides 
prosthetic  aids  for  the  disabled,  graphics  software, 
presentation  software,  telecommunications  software,  and 
writing  aids  such  as  spell  checkers  and  oudining  software. 

For  a  much  more  complete  discussion  of  Type  I  and 
Type  II  software  see  Maddux,  Johnson,  and  Willis  (1992). 
In  the  next  section,  an  example  of  Type  II  software  will 
be  presented  and  discussed.  This  software  is  designed  to 
encourage  and  aid  reluctant  writers  to  write  a  fonn  of 
poetry  called  Cinquain. 

Why  Teach  Children  to  Write  Poetry? 

Almost  everyone  agrees  that  expressive  writing  is  an 
important  skill,  and  that  many  of  today's  students  have 
poor  writing  skills.  In  the  face  of  the  scandal  concerning 
writing  skills,  it  is  difficult  to  understand  why  so  many 
teachers  neglect  the  teaching  of  writing.  Even  when  such 
programs  are  implemented,  children  often  get  very  little 
practice  in  expressive  writing  itself.  Silverman,  Zigmond, 
Zimmerman,  and  Vallecorsa  (1981)  examined  a  number 
of  public  school  writing  programs  and  reported  that  the 
average  student  spent  only  25  minutes  per  day  writing, 
and  that  19  minutes  of  this  time  was  devoted  to  copying 
orrecopying.  (p.  356). 

Many  computing  advocates  have  suggested  that  the 
computer,  particularly  word  processing,  could  be  useful  in 
writing  instruction.  Although  word  processing  is  becom- 
ing more  common  in  writing  instruction,  there  is  little 
indication  that  computers  are  being  used  to  help  instruct 
children  in  the  writing  of  poetry. 

Poetry  should  be  a  part  of  the  writing  curriculum  for  a 
number  of  reasons.  First,  poetry  is  a  highly  endangered 
part  of  our  cultural  and  intellectual  heritage.  We  all  have  a 


responsibility  to  preserve  and  pass  on  this  heritage.  Even 
more  imiwrtantly,  reading  and  writing  poetry  can  be 
emotionally  and  intellecuially  rewarding  and  provide  an 
important  form  of  personal  enjoyment  Like  any  art  form, 
it  contributes  to  a  richer  life  and  a  deeper  insight  into  the 
human  condition.  Then  too,  poetry  can  be  an  important 
source  of  self  expression,  particularly  for  reluctant 
writers,  whose  academic  problems  may  lead  them  to 
avoid  other  forms  of  artistic  expression. 

Using  the  Computer  to  Help  Teach  Poetry  Writing 

Teachers,  however,  often  avoid  teaching  poetry 
writing.  One  reason  for  this  avoidance  is  that  by  the  time 
children  (especially  reluctant  writers)  are  in  the  fifth  or 
sixth  grade,  many  are  emphatically  hostile  toward  poetry. 
This  hostility  is  frequendy  due  to  past  difficulties  with  the 
mechanics  of  verse  (rfiyme,  meter,  etc.)  as  well  as  the 
physical  difficulties  of  writing  in  general  (penmanship, 
spelling,  neatness,  etc.).  A  major  problem  is  that  some 
teachers  overemphasize  the  importance  of  structure  such 
as  rhyme  and  meter,  and  problem  learners  are  so  over- 
whelmed with  the  me  hanics  that  they  never  experience 
the  creative  enjoyment  of  expression.  They  feel  so  bound 
by  the  structure  that  they  neglect  the  meaning. 

Obviously,  the  computer  has  the  potential  to  eliminate 
or  reduce  the  frustrations  caused  by  poor  penmanship, 
deficient  spelling,  and  a  lack  of  neatness.  Word  process- 
ing and  a  good  spell  checker  can  open  new  worlds  of 
expression  to  children  with  the  problems  listed  above.  It  is 
also  possible  to  use  the  computer  to  help  de-emphasize 
the  mechanics  of  rhyme  and  meter. 

Even  without  access  to  computers,  reluctant  writers 
can  be  introduced  to  any  of  a  number  of  forms  of  poetry 
that  do  not  rely  on  these  technical  characteristics. 

Haiku  and  Tanka  are  two  examples  that  have  been 
adapted  from  Japanese  forms.  Instead  of  relying  on  verse 
and  meter,  these  forms  require  a  specific  number  of  lines 
and  syllables.  Tanka  is  made  up  of  five  lines,  with  5, 7, 5, 
7,  and  7  syllables  in  each  line,  respectively.  Haiku  is 
made  up  of  three  lines,  with  5, 7,  and  5  syllables  in  each 
line,  respectively.  Haiku  and  Tanka  usually  deal  with 
nature  and  avoid  contain  violence  or  images  that  include 
damage  to  nature.  Rhyme  plays  no  role  in  either  form. 

Computers  and  Cinquain  Poems 

Another  fonn  of  poetry  that  does  not  rely  on  rhyme  or 
meter  is  Cinquain,  developed  in  1922  by  Adelaide 
Crapsey  (1922).  An  adaptation  of  Cinquain  is  often  used 
with  children.  Each  line  of  a  Cinquain  contains  a  predeter- 
mined number  of  words,  and  each  line  performs  a  specific 
role  in  the  poem: 

1 .  The  first  line  is  a  noun  that  names  the  subject  of  the 
poem. 

2.  The  second  line  is  two  wcM-ds,  usually  adjectives,  that 
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describe  the  subject. 

3.  The  thu-d  line  is  three  words  (often  ending  in  "ing'') 
that  express  an  action. 

4.  Hie  fourth  line  is  four  words  that  express  feeling. 

5.  The  fifth  line  is  a  single  word  that  is  another  word  for 
the  subject  of  the  poem. 

The  following  are  two  examples  written  by  fifth  grade 
learning  disabled  students: 
Stars 

Bright,  alive 

Twinkling,  sparkling,  shining 
Are  we  this  small? 
Brothers 

Sixties 
Fast,  Loud 

Marching,  Demonstrating,  Exploring 
Anger,  Excitement,  Sadness,  Joy 
Change 

Appendix  A  presents  the  LogoWriter  2.0  code  (for 
MS-  DOS)  for  an  original  program  to  help  reluctant 
writers  learn  to  write,  and  then  to  actually  produce 
Cinquain  poems.  The  program  has  both  a  Type  I  and  a 
Type  II  component  The  Type  I  program  is  a  tutorial 
designed  to  teach  the  mechanics  of  the  poem  and  to 
present  an  example,  while  the  Type  II  component  is  an 
on-line  composition  tool  that  will  lead  the  Uvser,  line-by- 
line, through  the  process  of  writing  a  Cinquain. 

As  the  program  prompts  for  each  line,  it  displays  a 
reminder  of  the  function  of  that  line.  The  program 
provides  for  unlimited  revision,  and  any  line  may  be 
revised  or  rewritten  at  any  time,  with  full  function 
remmders  present.  When  the  poem  is  complete,  the 
program  asks  if  a  printout  is  desked. 

The  program  could  be  used  as  on  a  stand-alone  basis, 
or  in  conjunction  with  word  processors,  spell  checkers, 
etc.  For  example,  students  could  save  the  poem  as  a  text 
file,  then  load  it  into  any  word  processor  and  the  dictio- 
nary or  thesaurus  could  be  accessed.  The  teacher  can  also 
use  this  program  to  produce  a  class  collection  of  poetry. 

Categorizing  the  Cinquain  Program 

The  Cinquain  Program  has  both  Type  I  and  Type  II 
components.  The  tutorial  is  Type  I  in  nature.  It  requires 
some  intellectual  mvolvement,  but  it  is  really  aimed  at 
imparting  factual  material  that  can  be  memorized  (number 
of  lines,  function  of  each  hne,  etc.).  The  interaction 
between  user  and  machine  is  predetermined  by  the 
designer,  and  is  very  limited  in  content  (pushing  the  space 
bar,  typing  "yes'*  or  "no**,  etc.). 

The  writing  aid,  on  the  other  hand,  is  a  Type  II 
application.  It  requires  very  active  mtellectual  involve- 


ment compared,  for  example,  to  that  required  by  a  drill 
and  practice  program  designed  to  teach  math  facts.  In 
addition,  most  of  what  occurs  on  the  screen  is  determined 
by  the  user,  rather  than  the  software  developer,  and  the 
type  of  interaction  between  learner  and  machine  does  not 
involve  only  a  predetermmed  repertoire  of  acceptable 
responses.  In  fact,  the  only  limitation  on  what  can  go  into 
the  Cinquain  is  that  imposed  by  the  imagination  of  the 
user.  The  designer  of  the  software  has  provided  only  those 
limitations  necessary  to  preserve  the  format,  rather  than 
the  content,  of  the  poem. 

It  is  hoped  that  the  categorization  scheme  presented  'n 
this  article,  and  the  software  example  used  to  illustrate  it 
will  be  useful  to  educators  as  they  think  about  educational 
COTiputing,  and  as  they  make  decisions  about  how  to 
integrate  computers  into  schools. 
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Appendix  A 

Cinquain  for  the  IBM  (l>ogo Writer  2.0) 

Written  by  Clebome  D.  Maddux,  Ph.D.  and  Charles 

Crume 

College  of  Education,  University  of  Nevada,  Reno  89557 

TO  CINQUAIN 
CTHT 

PR  [THIS  SOFTWARE  IS  DESIGNED  TO] 

PR  [TEACH  YOU  HOW  TO  WRITE  A  FORM] 

PR  [OF  POETRY  CALLED  "CINQUAIN."] 

PR  []  PR  [DO  YOU  WANT  TO  SKIP  THE] 

PR  [INSTRUCTIONS  AND  EXAMPLES  AND  CtO] 

PR  [DIRECTLY  TO  THE  PART  WHERE  YOU] 

PR  [WRITE  YOUR  OWN  CINQUAIN?] 

PR  [TYPE  YES  OR  NO] 

PR  []  PR  []  MAKE  "A  HRST  RL 

IFELSE  "Y  =  ITEM  1  :A  [CINQWRITE][CINQTOTAL] 

END 

TO  CINQWRITE 

WRITEl  WRITE2  WRITES  WRITE4  WRITES 

CONCLUDE 

END 

TO  WRITEl 

CT  MAKE  "LINEl  []  MAKE  "LINE2  [] 
MAKE  "LINE3  D  MAKE  "LINE4  [] 
MAKE  "LINES  [] 

PR  [NOW  IT  IS  TIME  FOR  YOU  TO  TRY] 

PR  [WRITING  A  CINQUAIN  OF  YOUR  OWN.] 

PR  D  PR  [TYPE  A  SINGLE  WORD  NAMING] 

PR  [THE  SUBJECT  OF  YOUR  POEM.] 

PR  []  PR  []  PR  [] 

MAKE  "LINEl  RL 

PR  []  PR  [YOU  TYPED:] 

PR  []  PR  []  PR  []  PR  :LINE1 

PR  []  PR  [] 

PR  [DO  YOU  WANT  TO  CHANGE  YOUR  MIND?] 

PRaMAKE"AnRSTRL 

IF  "Y  =  ITEM  1  :A  [CHANGE]  PRESS 

END 

TO  PRESS 
PR[]PR[] 

PR  [PRESS  ANY  KEY  TO  CONTINUE] 

MAKE  "AREADCHAR 

END 

TO  CHANGE 

CT  PR  [YOU  MAY  CHANGE  ANY  OF  THE  LINES] 
PR  [THAT  YOU  HAVE  ALREADY  WRITTEN.] 
PR  []  CT  REPRINT 

PR  [ENTER  THE  NUMBER  OF  THE  LINE] 


PR  [YOU  WANT  TO  CHANGE:] 

PR  (]  MAKE  "CHOICE  RL 

IF  :CHOlCE=  [1]  [EXPLAINl] 

IF  :CHOICE  =  [2]  [EXPLAIN2] 

IF  :CHOICE  =  [3]  [EXPLAINS] 

IF  :CHOlCE  =  [4]  [EXPLAIN4] 

IF  :CHOlCE  =  [5]  [EXPLAINS] 

PR  [ENTER  THE  NEW  LINE  OF  POETRY:] 

PR  []  IF  :CHOICE  =  [1]  [MAKE  "LINEl  RL] 

IF  :CHOlCE  =  [2]  [MAKE  "LINE2  RL] 

IF  :CHOICE  =  [3]  [MAKE  "L1NE3  RL] 

IF  :CHOICE  =  [4]  [MAKE  "LINE4  RL] 

IF  :CHOICE  =  [5]  [MAKE  "LINES  RL] 

PR  []  PR  []  PR  []  REPRINT  PR  []  PR  [] 

PR  [DO  YOU  WANT  TO  CHANGE  ANYTHING] 

PR  [ELSE?]  PR  []  PR  [] 

MAKE"AnRSTRl. 

IF  "Y  =  ITEM  1  :A  [CHANGE] 

END 

TO  EXPLAINl 

PR  [REMEMBER,  LINE  #1  IS  ONE  WORD] 
PR  [THAT  EXPLAINS  THE  SUBJECT  OF  THE] 
PR  [POEM.] 
END 

TO  EXPLAIN2 

PR  [REMEMBER,  LINE  #2  IS  TWO  WORDS] 
PR  [THAT  DESCRIBE  THE  SUBJECT.] 
END 

TO  EXPLAINS 

PR  [REMEMBER,  LINE  #3  IS  THREE  WORDS] 

PR  [EXPRESSING  ACTION.] 

END 

TO  EXPLAIN4 

PR  [REMEMBER,  LINE  #4  IS  FOUR  WORDS] 

PR  [EXPRESSING  FEELING.] 

END 

TO  EXPLAINS 

PR  [REMEMBER,  LINE  #S  IS  ONE  WORD] 
PR  [THAT  IS  ANOTHER  WORD  FOR  THE] 
PR  [SUBJECT  OF  THE  POHVI.] 
END 

T0WRITE2 

CT  REPRINT  PR  []  PR  [] 

PR  [NOW  IT  IS  TIME  TO  WRITE  LINE  #2] 

PR[]PR[] 

PR  [TYPE  TWO  WORDS  DESCRIBING  THE] 
PR  [SUBJECT  OF  THE  POEM.] 
PR  []  PR  []  PR  []  MAKE  "LINE2  RL 
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PR[]PR  [YOU  TYPED:] 

PR  []  PR  []  PR  []  PR  :LINE2  PR  []  PR  [] 

PR  [DO  YOU  WANT  TO  CHANGE  YOUR  MIND?] 

PR  []  MAKE  "A  HRST  RL 

IF"Y  =  ITEM  1  :A  [CHANGE]  PRESS 

END 

TO  REPRINT 

PR  [HERE  IS  THE  POEM:]  PR  []  PR  [] 

(PR  [LINE  # I:]  :LINEI ) 

(PR  [LINE  #2:]  :LINE2 ) 

(PR  [LINE  #3:]  :LINE3  ) 

(PR  [LINE  #4:]  :LINE4) 

(PR  [LINE  #5:]  :LINE5 ) 

END 

T0WRITE3 
CT  REPRINT 
PR  []  PR  [] 

PR  [NOW  IT  IS  TIME  TO  WRITE  LINE  #3] 
PR[]  PR  [] 

PR  [TYPE  THREE  WORDS  EXPRESSING] 

PR  [ACTION]  PR  []  PR  []  PR  [] 

MAKE  "LINE3  RL  PR  []  PR  [YOU  TYPED:] 

PR  []  PR  []  PR  []  PR  :LINE3  PR  []  PR  [] 

PR  [DO  YOU  WANT  TO  CHANGE  YOUR  MIND?] 

PR  []  MAKE  "A  HRST  RL 

IF  "Y  =  ITEM  1  :A  [CHANGE]  PRESS 

END 

TO  WRITE4 

CTREPRim^PR[]PR[] 

PR  [NOW  IT  IS  TIME  TO  WRITE  LINE  #4] 

PR  []  PR  [] 

PR  [TYPE  FOUR  WORDS  EXPRESSING] 
PR  [FEELING] 

PR  []  PR  []  PR  []  MAKE  "LINE4  RL 
PR[]  PR  [YOU  TYPED:] 
PR  []  PR  []  PR  []  PR  :LINE4 
PR  []  PR  [] 

PR  [DO  YOU  WANT  TO  CHANGE  YOUR  MIND?] 

PR  []  MAKE  "A  HRST  RL 

IF  "Y  =  ITEM  1  :A  [CHANGE]  PRESS 

END 

TO  WRITES 

CT  REPRINT  PR  []  PR  [] 

PR  [NOW  IT  IS  TIME  TO  WRITE  LINE  #5.] 

PR  []  PR  [] 

PR  [TYPE  ONE  WORD  THAT  IS  ANOIHER  WORD] 

PR  [FOR  THE  SUBJECT  OF  THE  POEM.] 

PR  U  PR  []  PR  []  MAKE  "LINES  RL 

PR  []  PR  [YOU  TYPED:] 

PR  []  PR  []  PR  []  PR  :LINES  PR  []  PR  [] 


PR  [DO  YOU  WANT  TO  CHANGE  YOUR  MIND?] 

PR  []  MAKE  "A  HRST  RL 

IF  "Y  =  rrEM  1  :A  [CHANGE] 

PRESS  REPRINT  PRESS 

END 

TO  CINQTOTAL 

INSTRUCTl  INSTRUCT2  INSTRUCTS  INSTRUCT4 
INSTRUCTS  WRITE  1  WRITE2  WRITE3  WRITE4 
WRITES  CONCLUDE 
END 

TO  INSTRUCrri 

CT  PR  ["CINQUAIN"  IS  A  FORM  OF  POETRY] 
PR  [THAT  DOES  NOT  DEPEND  ON  RHYME,] 
PR  []  PR  [INSTEAD,  EACH  LINE  DOES  SOME- 
THING] 

PR  PIFFERENT.]  PR  [] 

PR  [LINE  #1  IS  ONE  WORD  THAT  NAMES  THE] 

PR  [SUBJECT  OF  THE  POEM.] 

PR  []  PR  [HERE  IS  AN  EXAMPLE:] 

PR  []  PR  []  PR  [SDCTIES]  PRESS 

END 

TO  INSTRUCT2 

CT  PR  [LINE  #2  IS  TWO  WORDS  ( USUALLY] 

PR  [ADJECTIVES  )  THAT  DESCRIBE  THE] 

PR  [SUBJECT  OF  THE  POEM.]  PR  [] 

PR  [HERE  IS  THE  EXAMPLE  WITH  LINE  #2:] 

PR  []  PR  []  PR  [SIXTIES]  PR  [FAST,  LOUD] 

PRESS 

END 

TO  INSTRUCTS 

CT  PR  [LINE  #3  IS  THREE  ACTION  WORDS.] 

PR  []  PR  [HERE  IS  THE  EXAMPLE  WITH] 

PR  [LINE  #3  ADDED:]  PR  []  PR  [] 

I  R  [SIXTIES]  PR  [FAST,  LOUD] 

PR  [MARCHING,  DEMONSTRATING,  EXPLORING] 

PRESS 

END 

TO  INSTRUCT4 

CT  PR  [LINE  #4  IS  FOUR  WORDS  SHOWING] 
PR  [FEELING] 

PR  [HERE  IS  THE  EXAMPLE  WITH  LINE  #4:] 
PR  []  PR  []  PR  [SIXTIES] 
PR  [FAST,  LOUD] 

PR  [MARCHING,  DEMONSTRATING,  EXPLORING] 
PR  [ANGER,  EXCITEMENT,  SADNESS,  JOY] 
PRESS 
END 
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TO  INSTRUCTS 

CT  PR  [LINE  #5  IS  A  SINGLE  WORD  THAT] 

PR  [GIVES  ANOTHER  WORD  FOR  THE  SUBJECT] 

PR  [OF  THE  POEM.] 

PR  [HERE  IS  THE  ENTIRE  CINQUAIN.  THIS] 
PR  [TIME  WITH  THE  LAST  LINE  ADDED:] 
PR  []  PR  [SIXTIES] 
PR  [FAST,  LOUD] 

PR  [MARCHING,  DEMONSTRATING.  EXPLORING] 
PR  [ANGER,  EXCITEMENT,  SADNESS,  JOY] 
PR  [CHANGE]  PR  [] 

PR  [THIS  CINQUAIN  WAS  WRITTEN  BY  ONE] 

PR  [OF  MY  FIFTH  GRADE  LEARNING] 

(PR  [DISABLED  STUDENTS  IN]  WORD  "1970  ". ) 

PRESS 

END 

TO  CONCLUDE 

PR  []  PR  [CONGRATULATIONS!  YOUR  CINQUAIN] 

PR  [IS  FINISHED!] 

PR  []  PR  [WOULD  YOU  LIKE  A] 

PR  [PRINTOUT  OF  THE  FINISHED  POEM?] 

PR[]  MAKE  "ZHRSTRL 

IF  "Y  =  ITEM  1  :Z  [PR  [BE  SURE  PRINTER]] 

IF  "Y  =  ITEM  1  :Z  [PR  [IS  READY.]]  PRESS 

IF  "Y  =  ITEM  1  :Z  [MAKE  "B  [PR  :LINE1  PR  :L1NE2 

PR:LINE3PR 

:LINE4  PR  :LINE5]] 

IF  "Y  =  ITEM  1  :Z  [CT  CC  RUN  :B  PRINTTEXT] 
PR  [1  PR  [THIS  CONCLUDES  THIS  SESSION] 
END 
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Introduction 

It  is  expected  that  the  present  educational  system 
respond  to  tbe  current  needs  of  society.  Education 
should  also  predict  what  society's  future  needs  might 
be.  One  such  current  need  is  for  individuals,  upon 
completing  their  education,  to  be  computer  literate.  If  this 
is  the  case,  one  should  expect  teachers  to  be  computer 
literate  as  well.  The  first  part  of  this  paper  will  examine 
the  extent  to  which  computer  literacy  is  a  part  of  teacher 
preparation.  Second,  a  course  which  includes  both 
traditional  and  newer  uses  for  computers  in  educational 
settings  is  proposed.  Finally,  the  role  of  computers  in  the 
classroom  of  the  next  century  is  discussed. 

Present  and  Future  of  Computers  in  Educotion 

The  impact  of  computers  on  education  is  twofold. 
The  first  impact  is  in  using  computers  to  support  the 
actual  teachins  process  direcUy  (Blomeyer  and  Martin, 
1991).  The  second  impact  comes  through  the  application 
of  computer  networks  in  the  educational  process.  The 
number  of  networks  devoted  to  elementary  and  secondary 
schools  has  grown  rapidly  in  recent  years.  A  current  list 
of  K  - 12  projects  is  available  via  anonymous  FTP  (File 
Transfer  Protocol)  from  nyser.org,  in  the  sub-directory 
CoSn/cni-draft-packet.  The  increase  in  the  usage  of 
computers  as  conrununication  tools  has  also  resulted  in  tbe 
development  of  the  CBEHIGH  discussion  list 
(listserv@BLEKULl  l.BITNET  or 
lislserv@CC.KULEVE  ACNE)  which  focuses  on  issues 
related  to  computers  as  a  tool  in  higher  education. 

The  accessiblity  and  range  of  computer  networks,  both 
in  subject  content  and  the  ability  to  transverse  the  globe 
(Updegrove,  Muffo,  Dunn,  1991;  Mitchell  and  Paprzycki, 

1991)  has  led  many  people  to  realize  that  computer 
networks  constitute  a  new  medium  called  cyberspace  or 
virtual  reality. 

Knowing  how  to  include  networics,  whether  they  are 
local  networks  that  enable  students  to  keep  in  contact  with 
the  professor  or  networks  by  which  courses  for  credit  at 
one  university  or  college  are  taken  by  students  at  other 
localities,  is  just  as  critical  as  the  more  traditional  usages 
of  ccHnputers  in  the  classroom  (Paprzycki  and  Mitchell, 

1992)  .  To  assess  the  computer  backgrounds  of  prospec- 
tive teachers,  we  decided  to  determine  what  were  the 
current  computer  literacy  requirements  for  teachers  in  the 
United  States  and  how  such  requirements  match  their 
professional  needs. 

Computer  Literacy  Requirements  for  Teochers 

In  the  period  between  January,  1992  and  the  present, 
computer  network  based  discussion  lists  (AETS— 
Association  for  the  Education  of  Teachers  in  Science; 
CNEDUC— Computer  Networking  E  iacation  Discussion; 
DEOS— Distance  Education  Online  Symposium;  DTS— 
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Dead  Teachers  Society;  ERL— Educational  Research 
List;  Cn— Computers  in  Teaching  Initiative; 
NEWEDUC— New  Paradigms  in  Education  List;  IPCT— 
Interpersonal  Computing  and  Technology)  were  used  to 
ask  two  questions: 

1)  Is  there  a  computer  literacy  requirement  fcMr  prospec- 
tive elementary  and/or  secondary  teachers  in  your 
state? 

2)  If  the  answer  to  the  above  question  is  yes,  how  is  that 
requirement  met  (through  course 
compIetion,competency,  etc.)? 

A  total  of  four  mailings  were  made.  The  second, 
third,  and  fourth  mailings  contained  a  summary  of  earlier 
results  with  the  request  for  additions  and/or  corrections. 
Thirty-six  (36)  replies  were  received. 

While  this  is  a  relatively  small  number  of  replies, 
there  is  some  validity  to  the  data  collected.  First,  the 
inquiries  were  sent  to  lists  directly  related  to  the  topic. 
Thus,  respondents  could  be  considered  "experts"  in  this 
area.  Second,  since  there  were  multiple  mailings  and 
each  subsequent  mailing  summarized  the  results  obtained 
to  that  point,  there  would  have  been  no  need  for  a  person 
from  a  state  to  respond  if  that  state  were  represented. 
When  there  was  more  than  one  response  from  a  specific 
state,  it  was  to  discuss  requirements  at  individual  schools. 
From  this,  we  would  expect  the  data  gathered  to  be 
accurate. 

The  results  of  the  investigations  can  be  summarized  as 
follows: 

1)  At  least  ten  states  (Alabama,  Colorado,  Massachusetts, 
Michigan,  Minnesota,  New  Yoric,  Pennsylvania,  Ohio, 
Virginia  and  Washington)  do  not  have  a  computer 
literacy  requirement  for  teachers. 

2)  Kentucky,  Indiana,  South  Dakota  and  Texas  do  have 
specific  computer  literacy  requirements.  These 
requirements  can  be  met  by  passing  a 

a)  standard  programming  course, 

b)  course  designed  around  the  use  of  word  processing, 
data  bas^*.,  and  spreadsheet  software, 

c)  a  course  designed  to  evaluate,  use,  and  incorporate 
education  software  into  classroom  use. 

Several  universities  (Bowling  Green  State  University, 
California  State  University  -  San  Marcos,  Colorado 
College,  Miami  (Ohio),  Eastern  Washington  University, 
Memphis  State  University,  Ohio  State  University,  St. 
Thomas  University,  University  of  Alberta,University  of 
Central  Rorida,  University  of  Georgia,  University  of 
Iowa,  University  of  Missouri  -  Columbia,  University  of 
Northern  Iowa,  Wright  State 

University)  have  their  own  computer  literacy  require- 
ments similar  to  point  2  above. 

These  results  suggest  that  there  are  at  least  three 
different  definitions  for  the  term  computer  literacy.  A 
person  is  considered  computer  literate  if  she/he: 


1)  is  able  to  do  simple  computer  p-ogramming; 

2)  is  enable  of  using  basic  software  packages; 

3)  can  use  computers  as  a  tool  in  the  workplace. 

It  is  apparent  that  there  are  several  factors  which 
determine  the  definition  for  computer  literacy.  If  the 
definition  of  computer  literacy  is  accepted  as  the  ability  to 
use  the  computer  in  apprc^riate  job  settings  (Gupta, 
1992),  then  the  results  of  this  study  indicate  that  many 
teachers  are  not  computer  literate.  Results  of  the  survey 
also  show  that  very  little  consideration  is  given  to 
teaching  prospective  teachers  how  to  incorporate  new 
technowgies  into  the  teaching  process.  Except  on  rare 
occasions,  teachers  are  either  not  prepared  to  introduce 
computer  usage  in  their  future  classrooms,  or  they  receive 
a  rather  misguided  preparation  for  doing  so.  One  cannot 
expea  a  teacher  to  use  Pascal  (or  any  other  standard 
programming  language)  to  write  his/her  own  software.  It 
is  also  equally  difficult  to  expect  somebody  only  exposed 
to  use  of  basic  computer  tools  to  be  able  to  find  a  way  to 
introduce  them  into  the  educational  process. 

When  computers  were  first  introduced,  it  may  have 
been  logical  to  expect  people  to  utilize  them  by  writing 
programs.  However,  because  of  how  computers  are  now 
used  and  the  rapid  changes  in  computers  since  their 
introduction,  this  view  should  be  discarded.  Also, 
because  of  how  computers  are  used,  it  may  necessary  to 
offer  two  different  types  of  computer  literacy  courses. 
The  first  course  would  focus  on  basic  skills,  such  as  using 
word  processing,  database,  and  spreadsheet  programs. 
The  second  would  deal  with  skills  needed  for  future  work 
and  would  be  dependent  on  the  student's  major  and 
projected  future  employment. 

A  Comput®^  titoracy  Course  For  Teachers 

As  applied  to  the  preparation  of  teachers,  this  second 
course  would  concentrate  on  all  aspects  of  using  the 
ccxnputer  as  a  classroom  tool.  Such  a  course  will  be 
offered  at  St.  Cloud  State  University  during  the  Spring 
Quarter,  1993.  It  will  consist  of  four  parts:  evaluating 
software,  evaluating  hardware,  examining  the  use  of 
authoring  software,  and  using  computer  networks.  See 
Appendbc  1  for  a  copy  of  the  course  outline. 

The  first  three  parts  of  the  course  are  in  s<Mne  sense 
repetitions  of  already  established  educational  uses  for 
computers.  Educational  software,  like  any  software,  can 
range  from  very  good  to  very  bad.  It  also  ranges  from 
simple  drill-and-practice  types  to  complex  simulations. 
Students  in  the  class  will  learn  how  to  evaluate  software, 
what  criteria  to  use  and  how  to  apply  such  software  in 
their  classrooms.  The  second  part  will  be  primarily 
directed  towards  prospective  secondary  school  teachers 
and  upper  level  elementary  teachers.  Students  will 
evaluate  current  hardware  and  design  experiments  where 
computers  are  used  to  gather  experimental  data.  The  third 
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part  of  the  course  is  based  on  the  belief  that  if  teachers  are 
expected  to  do  any  programming  then  the  level  of 
authoring  software  is  apfM-opriate.  It  is  the  fourth  part  of 
the  course  that  requires  more  discussion. 

Cornputer  Networks  as  a  Part  of  Computer 
Utorocy 

There  are  a  number  of  reasons  for  including  network 
based  communications  into  a  computer  literacy  course  for 
teachers.  Computer  networks  can  be  used  directly  in  the 
classroom  to  facilitate  teaching  (Paprzycki  and  Mitchell, 
1992).  Through  the  use  of  FTP,  students  and  teachers  can 
obtam  public  domain  software,  technical  reports,  and 
p^rs.  Listservs  can  serve  both  as  a  means  of  communi- 
cation between  groups  in  a  number  of  ways.  The  prepara- 
tion of  this  paper  and  other  recent  papers  by  the  same 
authors  (Mitchell  and  Paprzycki,  1991;  Paprzycki  and 
Mitchell,  1992)  was  done  virtually  through  the  use  of  e- 
mail.  The  number  of  journals  published  only  (or  prima- 
rily) in  an  electronic  form  is  constantly  increasing — fully 
refereed  PS  YCOLOQUY,  with  an  electronic  readership 
of  apporximately  20,000  and  Post  Modem  Culture, 
reprinted  by  Oxford  University  Press,  are  examples  of 
such  journals. 

As  was  indicated  at  the  beginning  of  the  p^r,  the  use 
of  electronic  mail  can  also  be  used  to  facilitate  research. 
When  used  interactively,  computer  networks  can  facilitate 
communication  between  students  from  different  schools/ 
localities/countries.  This  approach  can  then  be  used  to 
support  a  variety  of  science  projects  (for  a  description  of  a 
project  which  can  be  adapted  to  computer  communica- 
tion, see  Mitchell). 

The  globality  of  computer  networks  allows  for  the 
development  of  a  multicultural  approach.  Recent  changes 
in  the  world  suggest  that  a  teaching  approach  based  solely 
on  textbooks  and  limited  to  the  physical  classrocHn  will 
quickly  become  outdated.  Computer  networks  provide 
the  classroom  teacher  with  a  means  to  provide  his/her 
students  with  connections  to  this  rapidly  changing  world. 
There  are  several  projects  wiented  towards  conununica- 
tion  between  individuals,  both  teachers  and  students,  of 
various  countries.  Among  these  projects  are  KBDLINK, 
KIDCAFE,  and  Project  IDEALS.  Many  countries  also 
require  that  their  students  be  computer  literate  (0*Lander, 
1992).  Therefore,  by  showing  students  how  to  use  their 
cc«nputers  as  a  cramiunication  tool,  it  would  be  possible 
to  mcrease  theu-  multicultural  awareness  and,  at  the  same 
time,  reduce  cultural  differences  (Ryan,  1992). 

The  Next  Step  in  Education 

The  use  of  computer  networks  opens  up  several  other 
possibilities  which  take  education  beyond  the  real 
classroom  and  create  what  can  be  called  "virtual"  class- 
rooms. Computer  based  classes  are  not  a  new  idea.  A 


variety  of  courses,  seminars  and  workshops  are  currently 
taught  over  computer  networks.  Combining  together  all 
of  these  offerings  could  lead  to  the  creation  of  a  virtual 
university  (Palmer,  1992).  Palmer  has  suggested  that 
almost  all  functions  of  the  university  can  be  carried  out 
over  computer  networks  and  suggested  a  possible 
organizational  form  for  such  a  school.  It  should  also  be 
noted  that  Palmer  is  carrying  out  much  of  his  discussion 
via  another  electronic  journal,  Thinknet. 

While  his  disussion  is  purely  theoretical,  Jyrki 
Kuoppala  from  Helsinki  University  of  Technology  is 
attempting  to  create  the  Usenet  University.  This  "society 
of  people  interested  in  learning,  teaching  and  tutoring** 
will  operate  in  cyberspace  and  be  facilitated  by  usenet- 
type  conununications  (Kuoppala,  1992).  While  there  may 
be  some  resistance  to  this  approach,  there  must  be  some 
consideration  given  to  such  unorthodox  educational 
approaches  if  education  is  to  teach  all  individuals  in 
tomorrow's  society. 

Conclusion 

It  is  a  given  fact  that  today's  society  is  becoming 
increasingly  computer  oriented  and  that  individuals  need 
to  be  computer  literate.  It  may  be  argued  that  teaching 
will  always  require  a  personal  touch  and  that  touch  can 
only  be  arrived  at  by  the  physical  prcrence  of  the  teacher 
in  the  classroom  with  the  student.  However,  the  changing 
nature  of  b^'h  society  and  the  learner  along  with  the  rapid 
growth  of  knowledge  suggest  that  alternatives  to  tradi- 
tional teaching  need  to  be  considered. 

If  schools  of  tomorrow  are  expected  to  prepare 
graduates  of  those  schools  to  use  available  technologies, 
then  teachers  need  to  be  prepared  to  be  responsible  for 
that  education.  Such  preparation  must  include  all  facets 
of  the  computer  as  a  tool.  This  includes  the  use  of 
computer  networks  as  well.  It  is  our  belief  that,  even 
though  this  is  not  the  only  possible  solution,  the  course 
we  are  developing  is  a  step  towards  addressing  the  needs 
of  society. 
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Appendix  1 

Course  Outline 
SCI  466  "Computer  Applications  in  Science  Education' 

1.  Course  content 

a.  Computer  based  communications 

i.  Using  main-frame  computers  to  communicate 

(1)  E-mail 

(2)  Listservs 

(3)  Conferencing 

ii.  Transferring  files 

(1)  Obtaining  public  domain  infwmation 

(2)  Ethics  of  using  public  domain  infcMmation 

iii.  Activities 

(1)  Personalize  an  e-mail  message 

(2)  Send  an  e-mail  message  to  someone  on  campus;  send  an  e-mail  message  at  a  second  location  (off- 
campus). 

(3)  Obtain  a  list  of  lists  from  the  VAX  at  NDSU. 

(4)  Subscribe  to  a  listserv  of  own  choice. 

(5)  Obtain  a  document  from  another  location  via  anonymous  ftp. 

b.  Evaluating  software 

i.  Types  of  software 

(1)  Tutorial 

(2)  Guided  simulation 

(3)  Explorat<My 

(4)  Cognitive  tool 

ii.  Evaluation  guidelines 

(1)  Use  of  graphics 

(2)  Motivation  of  learner 

(3)  User  interface 

(4)  Feedback 

iii.  Activities 

(1)  Using  identified  guidelines,  evaluate  selected  software  for  each  type  of  computer  system  available 
(Apple,  Macintosh,  and  IBM). 

(2)  Prepare  lesson  plans  showing  how  to  use  each  type  of  software  in  a  classroom  setting. 

c.  Evaluating  hardware 

i.  Activities 

(1)  Using  identified  guidelines,  evaluate  selected  hardware  for  each  type  of  computer  system  available 
(Apple,  Macintosh,  and  IBM). 

(2)  Prepare  lesson  plans  showing  how  to  use  each  type  of  hardware  in  a  classroom  setting. 

d.  Evaluating/using  authoring  programs 

i.  Activities 

(1)  Prepare  lesson  plans  showing  how  to  using  an  auQioring  program  in  a  classroom  setting. 
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Foreword 

In  CalifCHTiia,  state  aedential  requirements  now 
include  a  mandate  that  all  teachers  seeking  a  clear 
teaching  credential  demonstrate  competency  in 
"Educational  Computing  and  related  technologies" 
(Murdock  &  Desberg,  1992,  p.  xi).  This  mandate  was 
intended  by  the  state  legislature  to  go  beyond  computer 
literacy  and  to  integrate  the  computer  thoroughly  into  the 
curriculum.  In  order  to  address  this  legislation,  faculty 
membere  who  have  been  involved  in  teaching  technology 
within  the  20  California  State  University  campuses 
collaborated  to  produce  a  manual.  Computers  in  the 
Curriculum:  Exercises  for  Integrating  Technology  into 
Instruction  (Murdock  &  Desberg,  1992),  for  use  in 
computer  education  classes.  The  following  article  is 
drawn  from  this  manual;  it  provides  a  useful  application 
for  a  database  that  wUl  motivate  teachers  to  integrate  the 
computer  into  the  secondary  English  curriculum. 

Introduction:  Why  Creoto  a  Database? 

According  to  the  Ford  Foundation,  an  estimated  60 
million  Americans  are  at  least  functionally  illiterate 
(Kozol,  1985).  In  discussing  these  dismal  statistics. 
Atwell  (1987)  comments  that 

Teachers  of  English  can't  help  but  be  concerned.  The 
level  of  literacy  defined  as  'functional'  becomes  increas- 
ingly more  sophisticated,  yet  in  spite  of  all  of  our  heart- 
felt, explicit  messages,  the  activities  we  sponsor  and 
demonstrations  we  provide  are  creating  too  many  non- 
readers  -  students  who  either  cannot  or  do  not  read" 
(p.153). 

The  importance  of  motivating  students  to  read  is 
unquestionable  and  it  is  certainly  the  English  teacher's 
most  profound  task.  In  secondary  classrooms  across  the 
curriculum,  more  teachers  are  now  recognizing  die  value 
of  literature  in  stimulating  students  to  read  witiiin  otiier 
content  areas  as  well  as  English.  The  recentiy  imple- 
mented California  History/Social  Science  Framework,  for 
example,  is  literature-based.  Science  teachers  are  also 
beginning  to  take  responsibility  for  teaching  reading  and 
writing,  as  Uiey  acknowledge  their  use  in  motivating 
students  to  study  biology,  physics,  and  so  on.  Secondary 
schools  tiiroughout  the  state  of  California  have  imple- 
mented Sustained  Silent  Reading  (SSR)  as  a  whole  school 
activity  during  home  room.  The  relationship  between 
reading  and  writing  competence  as  well  as  increased 
language  skills  such  as  vocabulary  acquisition  has  been 
estabUshed(Irvin,  1990). 

While  much  attention  has  been  paid  to  the  psychologi- 
cal and  linguistic  aspects  of  literacy  by  learning  Uieorists, 
it  is  only  recently  that  the  social  aspects  of  reading  and 
writing  have  been  taken  into  consideration.  Comprehen- 
sion is  enhanced  through  communication  with  others 
regarding  what  has  been  read  (or  written)  (Nystrand  & 


224  T0Clinology  and  Teacher  Education  Annual  —  1 993 


ERLC 


237 


Himley,  1984).  As  adolescents  develop,  'Their  intense 
interest  in  themselves,  their  social  interactions,  their 
emotional  ups  and  downs,  and  their  new  capacity  for 
analytical  thought  can  be  used  to  help  them  become  more 
literate  "  (Irvin,  1990,  p.  6).  Cooperauve  learning  group 
strategies  can  therefore  facilitate  student  interaction  and 
create  excitement  about  what  has  been  read,  through 
discussion  and  preparation  of  critiques  to  share  with  the 
rest  of  the  class. 

The  proliferation  of  computers  in  the  schools  is  good 
news  for  the  secondary  classroom.  In  addition  to  the 
growth  of  Computer  Assisted  Instruction  (CAI),  teachers 
have  begun  to  think  creatively  in  using  tools  such  as  word 
processors  and  databases  with  their  students.  English 
teachers.  Social  Studies  teachers,  and  any  others  who 
wish  to  motivate  their  students  to  read  good  literature  can 
do  so  by  forming  a  class  literature  database.  Students, 
either  working  individually  or  in  cooperative  learning 
groups,  read  novels  (or  non-fiction),  and  as  they  complete 
their  work,  instead  of  (or  in  addition  to)  writing  book 
reports,  enter  their  books  into  the  class  database.  Coopera- 
tive groups  may  work  together  by  reading  the  same  book, 
by  reading  works  on  the  same  subject  or  novels  on  a 
given  theme,  or  by  reading  novels  by  the  same  author. 
Coming  up  with  follow-up  activities  for  their  books  can 
be  a  creative  group  project  that  requires  a  high  level  of 
cognitive  thinking. 

The  students  need  to  be  taught  both  to  create  and  to 
use  databases,  although  at  first  they  may  use  pre-existing 
fields.  Eventually,  as  the  database  fills  up  with  entries, 
students  will  be  able  to  use  the  database  to  find  books  that 
they  may  want  to  read,  within  a  given  genre  or  by  a  given 
author,  witli  an  ultra-high  rating  by  other  students  their 
own  age,  or  some  combination  of  the  above. 

Lesson  Overview 

The  purpose  of  the  following  exercise  is  to  assist  pre- 
service  and/or  in-service  secondary  English  teachers,  as 
well  as  those  in  related  fields,  in  helping  their  students  to 
develop  a  literature  database  to  use  in  their  classrooms. 
Teacher  educators  involved  in  computer  education 
courses  can  use  this  lesson  to  demonstrate  a  way  to 
integrate  the  database  into  the  secondary  classroom. 

The  teachers  will  be  able  to  input  and  manipulate  data 
that  should  prove  useful  to  them  in  working  with  their 
own  students,  as  well  as  reinforce  many  of  the  rudimen- 
tary database  skills.  During  the  exercise,  they  will  have 
the  opportunity  to  first  aeate  and  then  merge  their 
literature  databases  with  those  of  several  other  students  in 
'  small  group,  in  order  to  share  their  efforts  and  so  that 
they  will  have  cooperative  learning  techniques  modeled 
for  them. 

Tht  latter  part  of  the  exercise  will  require  them  to 
manipulate  data  within  the  larger  database.  In  addition,  it 


is  hoped  that  they  will  come  up  with  their  own  ideas 
regarding  extending  the  fields  listed,  clarifying  their 
definitions,  and  aeating  new  ways  to  integrate  the 
database  into  their  classrooms. 

Lesson  Objectives 

The  following  skills  will  be  developed  or  enhanced  in 
this  lesson: 

•  Collecting  data  about  records  8l  deciding  on  database 
fields. 

•  Inserting  &  deleting  database  fields. 

•  Changing  column  widths . 

•  Merging  several  small  database  files  into  a  single  file. 

•  Sorting  and  answering  questions  that  arise  from  data  in 
a  single  field. 

•  Changing  field  positions. 

•  Responding  to  questions  about  connections  between 
data  in  two  or  more  fields. 

•  Concealing  and  revealing  fields 

•  Creating  and  editing  database  report  formats. 

•  Using  report  selection  rules  and  sorting. 

•  Previewing  database  reports  on  the  screen. 

•  Printing  database  reports. 

Lesson 

Collecting  Data  About  Records 

In  creating  a  database  file,  it  is  important  to  first 
decide  what  information  you  think  it  should  describe;  i.e., 
what  questions  you  think  need  to  be  answered.  Your 
purposes  and  audience  need  to  be  considered.  English 
teachers  and  others  who  would  like  to  encourage  reading 
and  stimulate  student  interaction  regarding  books,  might 
pool  their  ideas  about  what  questions  they  and  their 
students  would  like  answered  regarding  book  evaluations. 

Deciding  on  Fields 

Once  the  above  has  taken  place,  fields  that  address 
your  questions  and  are  appropriate  to  your  audience  need 
to  be  enumerated  and  clarified.  In  the  literature  database, 
since  the  audience  is  secondary  school  students,  and  the 
purpose  is  to  motivate  students  to  read,  as  well  as  to 
promote  dialogue  and  thus  comprehension  of  the  litera- 
ture, the  following  fields  are  proposed: 

•  Title.  Name  of  novel  or  work  of  non-fiction. 

•  Author(s).  First  and  last  names  of  all  authors.  Last 
name  comes  first. 

•  Copyright  Date. 

•  Publisher.  So  that  others  may  find  the  book  easily. 

•  Fiction/Non-fiction.  Put  an  "F'  for  fiction  or  an  "NF' 
for  non-fiction. 

•  Genre.  Categories  include: 

1.  Non-fiction  -  biography,  autobiogr^hy,  history, 
philosophical  essay,  literary  essay;  and 

2.  Fiction  -  adventure,  science  fiction,  fantasy,  romance. 
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spy,  h(MTor,  mystery,  sports,  animal,  historical  novel. 

•  Theme/Thesis.  Includes: 

1.  Non-fiction  -  author's  thesis  os  purpose  for  writing  (if 
any);  and 

2.  Fiction  -  theme  expressed  in  a  few  words,  e.g.,  man 
against  nature,  boy  meets  girl  from  wrong  side  of 
tracks,  fish  out  of  water. 

•  Setting.  (If  appropriate)  Includes:  place,  time,  feeling. 

•  Major  Characters/Figures.  Describe  no  more  than  a 
few. 

•  Rating.  Rate  on  a  1  to  10  scale,  with  10  being  best. 

•  Critique.  Explain  the  rating,  commenting  on  plot, 
style,  and  so  forth.  Limit  to  no  more  than  two  or  three 
sentences.  Examples:  "Because  it  was  written  from  the 
point  of  view  of  [one  major  character],  I  really  got  to 
know  what  he  was  like,**  or  "It  had  an  interesting 
descriptive  style." 

•  Follow-up  activities.  List  and  describe  in  a  few  words; 
for  example,  a  follow-up  to  reading  Tom  Jones  might 
consist  of  something  like  the  following:  "Pretend  you 
are  a  newspaper  reporter  in  the  eighteenth-century 
England  of  the  book  and  write  an  in-depth  interview 
article  with  Tcm  after  he  has  embarked  on  his  adven- 
ture." 

•  Reviewer.  Name  of  student  reviewing  book,  last  name 
first. 

Teachers  must  instruct  their  students  on  the  applications 
of  the  above-mentioned  fields,  and  must  clarify  for 
them  such  items  as  what  a  "10"  on  the  rating  scale 
actually  means. 

Forming  the  Database  using  Microsoft  Works  for 
the  Macintosh 

The  sections  below  provide  step-by-step  instructions 
on  how  to  set  up  the  literature  database  using  Microsoft 
Works  2.0  for  the  Macintosh,  Basic  knowledge  of  the 
database  management  components  is  assumed.  Similarly 
detailed  instructions  for  both  the  Works  program  for  IBM 
compatibles  and  the  AppleWorks  program  for  the  Apple 
lie  are  contained  in  Mach  (1992).  Be  sure  your  trainees 
understand  the  basic  steps  of  database  management  before 
proceeding. 

Inserting  and  Deleting  Data  Base  Fields 

Step  1.  Start  the  Microsoft  Works  program  and  select 
the  database  option  by  clicking  on  the  DATABASE  Icon 
and  selecdng  **new,"  A  new,  blank  database  will  be 
opened  and  a  dialog  box  will  appear  prompting  you  to 
enter  a  name  for  the  field. 

Step  2,  Begin  inputdng  your  field  names  by  deleting 
"UnaOedl,"  and  typing  in  "TITLE,"  Then  click  on  "Add 
Field."  Continue  this  process  until  you  have  entered  all 
the  field  names  from  the  list  below.  To  save  space,  you 
can  abttfeviate  the  names  using  the  titles  in  parentheses. 


•  TITLE 

•  AITTHOR 

•  Copyright  Date  (CD  ATE) 
.   Publisher  (PUB) 

•  Ficaon/Non-Fiction  OPICTION) 

•  GENRE 

•  Theme/Thesis  (THEME) 

•  Setting  (SET) 

•  Major  characters/figures  (CHAR) 

•  Rating  (RATE) 

•  Criaque(CRIT) 

•  Follow-up  activities  (FOLLOW) 

•  Reviewer  (REV) 

Later,  for  your  own  use,  you  may  add  to,  delete,  or 
change  the  fields,  in  order  to  accommodate  your  own 
students*  needs.  Since  you  wiU  be  doing  this  after  your 
records  have  been  entered,  you  wil^  leed  to  use  the  pull- 
down EDIT  menu  to  rename,  add  or  delete  fields. 

Changing  Column  Widths  and  Field  Positions 

Step  3.  Before  entering  your  records,  you  may 
lengthen  or  shorten  your  field  column  widths  by  placing 
the  cursor  at  the  end  of  the  rectangle  following  each  field 
name  until  your  cursor  becomes  a  two-way  arrow.  Click 
on  the  mouse  and  hold  while  you  drag  your  columns  to 
the  right  to  widen  or  the  left  to  shorten  the  rectangles.  Do 
this  now  so  that  you  will  have  room  to  enter  your  records. 

Step  4.  You  may  also  move  whole  fields  around  the 
screen  to  reposidon  them.  Click  on  the  beginning  of  the 
field  name,  AUTHOR,  until  you  see  the  hand.  Hold  and 
drag  the  entire  rectangle  wherever  you  prefer.  Now  move 
it  back  into  its  original  position.  You  may  do  this  at  any 
point  in  the  creation  of  your  file. 

Inserting  and  Deleting  Records 

Step  5.  Click  on  the  rectangle  immediately  following 
TITLE.  Begin  entering  your  records.  Use  books  that  you 
think  would  be  of  interest  to  your  students.  After  all,  this 
is  going  to  be  a  useful  database!  You  should  have  at  least 
10  records  before  you  finish.  When  you  are  done,  pull 
down  the  FORMAT  menu  and  put  your  cursor  on  "Show 
List"  so  that  you  may  get  into  the  multiple  record  layout. 

Step  6.  In  order  to  insert  records  after  you  have 
already  entered  your  data,  place  your  cursor  on  the  record 
immediately  following  the  place  where  the  insertion  is  to 
go  and  pull  down  the  EDIT  menu.  Select  "Insert  Record" 
from  the  menu.  You  will  now  have  a  blank  record  before 
the  selected  record.  If  you  were  to  enter  information,  you 
would  go  back  to  the  "form  window"  and  pull  down  the 
FORMAT  menu.  Don*t  bother  doing  this  now-unless  you 
really  need  to! 

Step  7.  Deleting  records  is  done  in  a  similar  manner. 
This  dme  place  your  cursor  at  the  beginning  of  the  blank 
record  while  you  are  in  the  multiple  record  format.  Click 
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and  drag  the  mouse  so  that  you  highlight  the  entire  record. 
Pull  down  the  EDIT  menu  and  select  **Cut*'  from  it. 

Changing  Column  Widths  &  Arranging  Fields  in 
the  Multiple  Record  (*List')  Layout 

Step  8.  With  your  data  in  the  "list"  mode,  you  will 
notice  that  some  of  the  columns  may  still  be  too  narrow  or 
too  wide  for  the  information  contained,  and  you  will  no 
doubt  wish  to  change  column  widths.  Position  the  cursor 
on  the  right  edge  of  the  field  name  box  you  wish  to  alter 
and,  once  again,  it  turns  into  the  two-way  arrow.  Click  on 
the  mouse  and  drag  the  arrow  to  the  right  in  order  to 
widen  the  column  and  to  the  left  in  order  to  sliorten  it. 

Changing  Field  Positions 

Step  9.  You  may  also  wish  to  rearrange  the  order  in 
which  the  fields  are  displayed.  In  order  to  change  field 
position,  place  the  cursor  on  the  field  you  wish  to  move. 
The  curscM"  becomes  a  hand;  click  on  the  mouse  and  drag 
the  field  either  to  the  right  or  to  the  left  and  mto  the 
position  you  prefer.  Any  field  name  you  pass  over  will  be 
highlighted.  Release  the  mouse  button  when  you  are 
adjacent  to  the  appropriate  field.  If  you  are  dragging  left, 
the  field  you  are  moving  is  inserted  to  the  left  of  tlie 
highlighted  field,  but  if  you  are  dragging  right,  it  is 
inserted  to  its  right. 

Changing  the  Format  of  a  Field 

Step  10.  You  may  change  the  way  a  field  is  set  up  by 
first  clicking  on  that  field  or  entry  in  the  field,  then 
pulling  down  the  FORMAT  menu  and  clicking  on  "Set 
Field  Attributes.**  The  "Set  Field  Attributes"  dialog  box 
appears. 

Step  11.  For  field  columns  that  contain  numerical 
information,  you  need  to  click  on  "numeric**  for  type, 
"fixed,**  for  display,  and  whatever  alignment  and  style 
you  prefer.  For  textual  information,  select  "text*'  for  type, 
"general**  for  display,  and  so  on. 

Step  12.  When  you  are  finished  formatting  your  field 
columns,  pull  down  the  FILE  menu  and  click  the  mouse 
on  the  "Save  as...**  selection  before  going  on  to  the  next 
step.  Name  your  file  "LIT*  followed  by  your  own  initials. 
Click  "save**  so  you  can  save  to  a  data  disk. 

Merging  Several  Small  Data  Base  Files  into  a 
Single  File 

Step  13.  Now  that  you  have  created  your  own  litera- 
ture data  base  file  with  at  least  10  records,  it  would  be 
extremely  helpful  to  enlarge  the  file  by  adding  several 
other  data  base  files  to  it.  Get  together  with  those  in  your 
cooperative  group  if  you  have  one,  and  if  not,  find  at  least 
three  other  people  for  this  activity.  Make  sure  you  all 
have  the  same  fields  in  the  same  order.  If  not,  then  change 
them  to  conform  to  one  format. 


Step  14.  Next,  using  one  of  your  data  disks,  change 
the  name  of  one  of  your  files  to  LITGRP#,  using  the 
"Save  as...**  selection  from  the  FILE  menu. 

(Steps  15  through  17  should  be  followed  for  each  of 
the  data  disks.) 

Step  15.  In  order  to  move  records  from  all  the  LIT 
files  into  the  LITGRP^  .lie,  you  will  be  using  the  "copy** 
command  from  the  EDIT  menu.  For  each  of  the  remaiu- 
ing  data  disks,  open  each  LIT[initials]  file  and  with  this 
file  in  multiple  record  (or  "list**)  format,  pull  down  the 
EDIT  menu  and  click  on  "select  all.**  Then  click  on 
"copy.** 

Step  16,  Close  the  LIT  file  by  pulling  down  the  FILE 
menu  and  clicking  on  "close.** 

Step  17.  Open  the  LITGRPft  file  and  pull  down  the 
EDIT  menu.  Click  on  "select  all,**  and  then  click  on 
"paste.** 

Step  18.  Insert  the  next  data  disk  and  follow  steps  15 
through  17  again. 

Step  19.  When  this  is  complete,  you  should  have 
merged  all  the  smaller  database  files  into  one. 

Step  20.  Inserting  each  disk  separately,  pull  down  the 
FILE  menu  and  click  on  "save**  so  that  each  person  in  the 
group  may  have  a  copy  of  LITGRP#,  the  enlarged 
database  file.  You  will  be  using  this  larger  file  to  com- 
plete the  remainder  of  this  exercise.  In  your  own  class- 
rooms, you  may  continue  to  build  your  literature  database 
in  this  fashion,  although  you  certainly  will  not  expect 
each  of  your  students  to  come  up  with  10  records  at  once! 
Members  of  cooperative  learning  groups  in  the  high 
school  classroom  may  merge  individual  records  into  one 
group  file;  then  the  class  may  merge  all  group  files  into 
one  "class  file.** 

Sorting  and  Answering  Questions  that  Depend 
on  a  Single  Data  Field 

Step  21.  Now,  woildng  individually,  make  sure  you 
retrieve  the  LITGRP#  file  on  the  screen.  You  might  now 
be  interested  in  ordering  your  records  so  that  you  can 
search  for  specific  titles  to  make  sure  they  are  in  your 
database,  and  to  make  sure  you  have  no  duplicates.  In 
order  to  sort  your  records  alphabetically,  move  your 
cursor  to  the  *TITLE*'  field  name  and  click  the  mouse. 
Pull  down  the  ORGANIZE  menu  and  click  on  "sort** 
Click  on  the  "From  A  to  Z**  selection. 

Step  22.  You  may  now  move  through  the  file  by 
scrolling  with  the  UP  and  DOWN  ARROW  keys  or  by 
using  the  mouse  and  clicking  on  the  arrows  to  the  right  of 
the  screen. 

Step  23.  It  might  also  be  interesting  to  find  out  what 
has  been  included  for  different  authors,  so  you  might 
choose  to  rearrange  the  file  by  author*  s  name.  Switch  the 
cursor  to  the  field,  AUTHOR,  and  click  on  the  fieki  name. 
Pull  down  the  ORGANIZE  menu  and  click  on  "sort 
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Click  on  the  "Frcnn  A  to  Z"  selection.  You  are  now  able 
to  view  the  works  by  author. 

Step  24.  Switch  field  positions  as  in  step  9»  so  that 
AUTHOR  is  your  first  field. 

Responding  to  Questions  about  Connections 
between  Dote  In  Two  or  More  Fields 

Step  25.  In  sorting  by  different  fields,  you  may  be  able 
to  pose  a  number  of  interesting  questions.  For  example, 
after  sorting  by  author,  you  might  ask: 

•  In  what  genre  does  Ray  Bradbury  tend  to  write? 

•  What  kinds  of  themes  seem  to  recur  in  his  novels? 
Similarly,  in  sorting  by  "Theme"  the  following  might  be 

appropriate: 

•  Which  authors  choose  to  write  about  "Man  vs. 
Nature?" 

In  sorting  by  "Rating"  think  about  these  questions: 

•  Who  are  the  most  popular  authors  in  this  class? 
Among  boys?  Among  girls?  (To  facilitate  this,  you 
might  add  "Gender  of  Reviewer''  as  a  field.) 

•What  does  this  tell  you  about  their  preferences  in  genres 
and/or  themes? 

Try  coming  up  with  at  least  two  more  questions  such 
as  these  that  you  would  use  with  your  own  students. 

Concealing  and  Revealing  Fields 

In  answering  questions  such  as  those  posed  above,  it  is 
not  necessary  to  view  all  the  fields  in  the  database,  nor  is 
it  possible.  To  make  the  task  at  hand  easier,  it  is  possible 
to  conceal  as  many  fields  as  desired.  For  example,  in  the 
third  questicHi  posed  above,  only  the  fields  of  AUTHOR 
and  THEME  are  necessary. 

Step  26.  As  delineated  in  step  9,  move  the  fields, 
AUTHOR  and  THEME  all  the  way  to  the  left.  Widen  the 
fields  that  are  particularly  interesting  to  you  so  that 
unwanted  fields  are  no  longer  visible  on  screen. 

Step  27.  Arrange  your  database  file  alphabetically  by 
author,  as  described  in  Step  23.  It  is  now  possible  to  see 
which  themes  were  favored  by  which  authors. 

Step  28.  Before  going  on,  we*ll  return  the  fields  to 
their  original  widths  and  rearrange  the  report  by  TITLE. 
Move  this  field  back  to  its  original  position,  all  the  way  to 
the  left,  and  alphabetize  by  TITLE. 

Creating  and  Editing  Database  Report  Formats 

In  the  literature  database,  a  student  may  want  to  search 
for  novels  on  a  given  theme,  or  novels  on  a  given  theme 
that  were  written  by  a  particular  author  and  that  have  a 
student  rating  of  "8"  or  better.  Following  is  one  function 
that  enables  such  a  search.  It  will  also  allow  you  to  print 
certain  select  information  from  the  database  document. 

Step  28.  When  you  pull  down  the  REPORT  menu  you 
will  need  to  click  on  "New  Report**  if  you  do  not  akeady 
have  one  on  file.  Do  this  now. 


Step  29.  Pull  down  the  EDIT  menu  and  click  on 
"Change  Report  TiUe."  Press  DELETE  to  erase  the 
automatic  report  title  and  give  the  report  the  title  "Best 
SciFi."  Click  on  "O.K.** 

Step  30.  Pull  down  the  ORGANIZE  menu  and  click 
on  "Record  Selection."  A  dialog  box  will  now  appear  so 
that  you  may  define  the  parameters  of  your  report. 

Using  Report  Selection  Rules  and  Sorting 

Here,  again,  it  is  important  to  consider  what  questions 
you  actually  want  answered  from  the  database.  In  the 
literature  database,  LITGRP#,  suppose  you  would  like  all 
to  see  all  the  novels  that  are  science  fiction  and  that  are 
rated  "8**  or  higher  by  students.  If  no  one  in  your  group 
entered  any  data  on  a  science  fiction  novel,  then  choose 
some  other  genre  that  is  more  popular  within  your  group. 

Step  31.  Before  starting,  since  you  will  be  sorting  this 
report  by  author,  so  you  need  to  click  on  the  field  name, 
AUTHOR,  pull  down  the  ORGANIZE  menu,  click  on 
"sort,**  and  select  "From  A  to  Z." 

Step  32.  In  order  to  search  for  the  information  to  be 
included,  you  must  define  what  is  needed.  Highlight 
GENRE  using  the  mouse  to  move  your  cursor  and 
clicking  on  it.  You  may  have  to  scroll  to  see  all  the  fields. 

Step  33.  In  the  box  at  right  are  several  comparison 
phrases.  You  may  again  scroll  to  see  all  the  phrases. 
Highlight  "equals"  by  clicking  on  it  and  type  the  compari- 
son information.  "Science  Fiction,**  in  the  space  provided. 

Step  34.  Click  "Install  Rule.**  You  should  now  have  a 
blank  in  the  "Record  Comparison  Information*'  box. 

Step  35.  You  will  now  be  given  a  choice  of  several 
connectors.  Click  the  button  next  to  "and.** 

Step  36.  Now  highliglit  RATE  and  click  the  mouse. 
Step  37.  Select  "is  greater  than.'*  Input  "7**  in  the 
"Record  Comparison  Information**  box. 
Step  38.  Click  on  "install  rule.** 
Step  39.  Click  on  "select.**  Works  immediately 
chooses  those  records  that  you  have  specified. 

Step  40.  Since  you  now  have  the  report  organized  by 
author,  it  would  be  a  good  idea  to  change  field  positions. 
Click  on  the  field  name,  AUTHOR,  and  then  place  the 
cursor  on  the  left  side  of  the  column  until  you  see  the 
double  arrow.  Drag  the  field  all  the  way  to  the  left. 
Lengthen  or  shorten  columns  in  order  to  be  able  to  fit  in 
the  most  infonnaUon.  Works  allows  you  to  print  your 
database  file  with  an  11"  width  and  8  1/2"  height. 

Step  41.  You  may  eliminate  the  grid  by  pulling  down 
the  FORMAT  menu  and  clicking  on  "Show  Grid."  Do 
this  now.  The  lines  should  disappear. 

Step  42.  Saving  at  this  point  will  save  the  report 
format  as  well  as  the  database  file,  so  pull  down  the  FILE 
menu  and  click  on  "save**  to  make  sure  you  do  so. 
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Previewing  Database  Reports  on  the  Screen 

Once  you  have  the  fonnat  you  would  like,  you  may 
preview  the  report  on  the  screen. 

Step  43,  Pull  down  the  FILE  menu  and  click  on  "Page 
Setup.**  Because  of  the  amount  of  information  to  be 
included,  it  would  be  preferable  to  print  lengthwise,  so 
click  on  the  lengthwise  "Orientation.** 

Step  44.  If  you  would  like  a  header  or  footer,  this  is 
the  place  to  select  it.  Works  will  automatically  number 
pages  if  you  give  the  command  "&P*  and  it  will  center 
the  header  or  footer  with  the  command  **&C.**  Under 
footer,  input  "&C&P*  now.  Click  on  the  "O.K.**  box. 

Step  45.  Pull  down  the  FILE  menu  again  and  click  on 
"Print.**  The  Print  Dialog  Box  should  ^pear.  Click  on  the 
box  next  to  "Print  Preview**  and  then  click  on  the  button 
that  is  labeled  "Print.**  Works  prints  to  the  screen  a  minute 
page  by  page  replica  of  your  document.  When  page  1 
appears,  move  the  cursor  to  the  page  and  it  becomes  a 
magnifying  glass.  Click  on  it  in  a  particular  place  and  the 
document  is  enlarged  so  that  it  is  readable.  You  may 
continue  to  view  the  database  report  in  this  way  by 
clicking  on  ''next**  for  the  next  page,  and  so  on.  At  this 
pomt  you  may  need  to  go  back  and  edit  your  report 
further,  as  you  may  have  cut  off  some  vital  informtion, 
or  you  may  decide  you  don*t  need  information  that  has 
been  included. 

Printing  Database  Reports 

Step  46.  Once  you  are  satisfied  with  the  format  of 
your  report,  print  out  a  hard  copy  by  clicking  on  "Print** 
(if  you  are  still  m  the  "Print  Preview**  mode),  or  by 
pulling  down  the  FILE  menu  and  clicking  on  "Print.*' 
Click  the  "Print  Preview**  box  again  to  erase  the  "x"  and 
click  on  the  button  marked  "O.K." 

Conclusion 

The  lesson  outlined  above  is  available  in  greater  detail 
in  "Usmg  a  Literature  Database  in  the  Secondary  Class- 
room** (Mach,  1992),  where  step-by-step  instructions  for 
Microsoft  Works  for  the  IBM  and  Appleworks  for  (he 
Apple  II  are  included.  Teacher  educators  involved  in 
computer  education  courses  should  find  this  lesson  useful 
in  demonstrating  to  their  students  ways  to  integrate 
computers  into  the  secondary  classroom. 

By  design,  the  number  of  fields  presented  is  large  and 
may  seem  a  bit  overwhelming  for  secondary  students. 
Teachers  may  select  from  the  array  whatever  fields  they 
feel  may  be  useful. 

If  time  available  to  teach  the  basic  database  skills 
necessary  is  a  problem,  cooperative  learning  may  prove  a 
helpful  strategy.  Many  secondary  students  already  are 
computer  literate,  and  these  students  could  be  dispersed 
among  groups  to  assist  the  other  students  m  these  basic 
skills. 


Pmally,  it  is  hoped  that  the  lesson  will  be  a  catalyst  to 
teachers  in  creating  new  ways  to  use  the  database  in  the 
classroom.  For  example,  a  different  kind  of  literature 
database  could  be  used  to  analyze  a  given  chai'acter  in  a 
novel.  Fields  could  include  "what  s/he  says,**  (and  where), 
"the  way  it  is  said,**  "what  s/he  does,**  (and  where),  "what 
others  say  about  her/him,**  and  so  on.  The  author  appreci- 
ates any  further  suggestions  regarding  related  uses  of  the 
database  in  the  English  classroom. 
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Technology  available  in  today*  s  world  can  help 
educators  make  a  difference  for  their  c^adents  in 
two  ways— by  using  the  technology  to  prepare 
and  deliver  then*  presentations  and  by  including  in  the 
curriculum  the  skills  needed  to  organize,  prepare,  and 
deliver  effective  presentations  using  new  technological 
developments.  Visual  presentation  design  is  actually  an 
old  topic  with  fantastic  new  possibilities — due  to  current 
technological  developments.  Since  most  people  tend  to 
teach  as  they  were  taught,  they  may  not  be  aware  of  or 
take  advantage  of  the  new  instructional  tools  and  methods 
available  today. 

Tho  Need  (or  Effective  Presentcrtions 

In  the  days  of  Socrates,  before  books  were  available, 
teachers  were  dispensers  of  information.  In  fact,  Socrates 
was  fearful  that  anew  invention,  books,  would  cause 
forgetfuUiess  in  the  minds  of  peq)le.  Today  the  role  of 
educators  becomes  one  of  a  facilitator  and  a  motivator. 
Books  provide  the  infonnation,  while  the  classroom 
promotes  a  learning  environment.  The  instructor  provides 
the  structure  by  issuing  assignments,  answering  questions, 
and  giving  tests. 

Since  research  concludes  that  both  seeing  and  hearing 
are  important  to  learning  and  retaining  information, 
another  role  of  the  instructor  is  to  provide  alternate 
meUKxls  of  learning  to  reading.  Both  learning  and 
retaining  are  greatly  increased  if  information  is  both  seen 
and  heard. 

Therefore,  instructors  need  to  enhance  the  learning 
process  by  making  effective  oral  presentations  in  addition 
to  their  role  of  making  assignments  and  giving  tests.  High 
technology  is  providing  the  tools  to  make  these  presenta- 
tions more  effective.  Interactive  multimedia  programs  are 
also  available  to  enhance  Uie  learning  process. 

The  Value  of  Visual  Innages  in  Presentations 

According  to  Suzanne  Bailey,  an  organization  and 
management  consultant  in  Vacaville»  California,  70  to  80 
percent  of  the  American  public  have  a  preference  for 
visual  learning.  She  believes  tiiat  using  graphics  in 
agendas,  minutes,  and  other  group  work  is  not  just 
decoration  but  has  significant  purpose  (3M  Meeting 
Management  Institute,  September,  1992,  p.  3). 

Douglas  Vogel  (Meeting  Management  News,  Septem- 
ber, 1992,  p.  1),  a  leading  academic  researcher  known  for 
his  pioneering  work  in  the  use  of  groupware  and  oUier 
COTiputer-based  presentation  systems,  identifies  which 
high  technology  tools  enhance  audience  comprehension 
and  retention,  and  which  actually  reduce  effectiveness. 
According  to  Vogel,  audiences  respond  best  to  speakers 
who  use  technology  as  a  presentation  aid.  Response 
declines  rapidly,  however,  when  tiie  speaker  takes  a  back 
seat  to  complex  on-screen  visuals  Uiat  appear  "canned"  to 
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the  audience. 

Key  points  in  the  research  report  show  that  presenters 
can  improve  the  audience's  perception  of  their  presenta- 
tion with: 

•  Simple  computer-generated  graphics  (bullet  charts,  bar 
or  pie  charts,  etc.).  These  simple  graphics,  whether 
displayed  with  an  overhead  projector  or  on  a  projec- 
tion panel  or  monitor,  boosted  the  audience's  percep- 
tion of  the  speaker  as  well  as  its  comprehension  and 
retention-so  long  as  the  chart  conveyed  relevant  data. 
Not  surprisingly,  artwork  added  to  presentations  with 
little  linkage  to  the  topic  being  presented  detracted 
from  the  audience's  understanding  of  the  presenta- 
tions. 

•  Animation.  A  glitzy  multimedia  presentation  will  not 
help  an  unprepared  speaker  impress  his  or  her  audi- 
ence, but  a  good  speaker  can  use  animation  very 
effectively  to  boost  audience  retention.  The  most 
effective  animations  proved  to  be  among  the  simplest, 
such  as  bar  charts  that  grow  or  text  revealed  line  by 
line. 

•  Graphic  transitions.  Using  just  transitions  (such  as 
wipes,  fades,  etc.)  between  graphics  detracted  signifi- 
cantly from  the  audience's  perception  and  retention. 
However,  when  consistent  transitions  (using  the  same 
transition  effect  between  each  image)  were  combined 
with  animation,  audiences  responded  much  better  than 
they  did  to  transitions  alone  and  slightly  better  than 
they  did  to  animation  alone. 

Reseorch  Findings  of  Visuals  in  Presentations 

Much  research  has  been  6me  that  demonstrates  how 
visuals  used  in  presentations  can  make  a  difference  in 
how  people  absorb  information.  A  few  of  the  studies  that 
validate  the  effectiveness  oi  using  visuals  include: 

•  Green  (1984)  quoted  the  following  findings  supporting 
the  use  of  audio- visual  presentations.  Physiologically, 
83  percent  of  all  learning  begins  through  the  eyes.  The 
Armed  Forces  have  proven  that  people  retain  facts  up 
to  55  percent  longer  when  they  learn  by  a  combination 
of  sight  and  sound. 

•  Colthran  (1989)  cited  two  additional  studies  that  prove 
the  value  of  visuals.  At  the  University  of  Wisconsin, 
researchers  determined  that  learning  improved  up  to 
200  percent  when  visual  aids  were  used  in  teaching 
vocabulary.  Studies  at  Harvard  and  Columbia  found 
audio-visuals  improved  retention  from  14  to  38 
percent  over  presentations  where  no  visuals  were  used. 

•  Kupsh  (1975)  {M-oved  the  effectiveness  of  using 
synchronized  sound-slide  packages  in  teaching 
beginning  typing.  The  experimental  study  showed  that 
the  use  of  five  packages,  each  ten  minutes  or  less  in 
length,  increased  the  knowledge  of  basic  typing 
fundamentals  during  a  semester  course  of  beginning 


typing.  In  addition,  students  using  the  sound-slide 
packages  reacted  more  favorably  toward  the  class  in 
an  opinionnaire  inventory. 

•  A  study  by  the  Wharton  Applied  Research  Center  of 
the  Wharton  School  of  Business  showed  that  a  simple 
overhead  projector  could  significantly  mfluence  the 
outcome  of  a  business  meeting.  Projector  use  reduced 
the  length  of  the  meeting  by  nearly  one-third  and  also 
spariced  a  larger  percentage  of  participants  (nearly 
two-thirds)  to  make  immediate  decisions  after  the 
meeting  (Oppenheim,  1981). 

•  The  same  Wharton  Study  also  found  that  presenters 
who  used  overhead  projectors  were  rated  more 
favorably  overall  (Oppenheim,  1981). 

•  Additional  research  at  the  University  of  Minnesota 
also  found  several  interesting  facts  concerning  how  the 
use  of  visuals  enhance  a  speaker's  image:  (1)  The  use 
of  overhead  transparencies  results  in  the  presenter 
being  perceived  as  more  interesting  but  less  profes- 
sional than  a  presenter  using  35  nun  slides.  (2) 
Effectiveness  varied  as  a  function  of  speaker  quality. 
A  "typical"  speaker  using  presentation  support  has 
nothing  to  lose  and  can  be  as  effective  as  the  more 
proficient  speaker  who  has  used  no  visuals.  The  better 
the  speaker  is,  the  greater  the  need  to  use  high-quality 
visual  aids  (Vogel,  Dickson,  Lehman,  Shuart,  1986). 

•  A  3M  Meeting  Management  Institute  questionnaire 
surveyed  1,000  Successful  Meetings  Magazine 
subscribers.  Of  the  585  respondents,  96  percent  felt 
that  audio-visual  aids  were  "very  effective"  or 
"reasonably  effective"  in  advancing  a  presentation's  or 
speaker's  objectives.  The  majority  of  respondents  (63 
percent)  felt  that  the  presenters  could  use  more 
training  in  the  use  of  audio-visual  support  tools(Lewis 
(feClark  Associates,  1990). 

Morket  Size  ond  Growth  Projections 

The  market  for  presentation  software  and  large-saeen 
presentations  devices  is  presently  fairly  high,  and  projec- 
tions indicate  a  significant  growth  increase.  New  Media 
Research  of  Los  Altos,  California,  a  leading  presentation 
market  analysis  finn  predicts  that  the  world-wide  market 
for  presentation  software  will  rise  from  a  $472-million 
market  in  1991  to  a  $498-million  niche  in  1992,  sweUing 
to  a  $677-miUion  maricet  by  1995.  They  also  forecast  that 
the  market  for  all  types  of  large-screen  presentation 
devices  will  climb  from  $742  milUon  in  1991  to  $866 
million  in  1992,  and  reach  the  $1  billion  mark  by  1995 
(Todd,  1992). 

The  Need  for  o  Course 

In  the  business  world,  the  terminology  is  to  "make  a 
presentation."  Unfortunately  in  academia,  the  archaic 
term  of  "read  a  paper"  is  still  being  used.  AwanJs  at 
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professional  conferences  are  made  for  the  best  research  or 
the  best  paper-not  the  best  presentation. 

Teachers  seem  to  be  aware  of  the  need  for  training 
students  in  making  presenUtions  as  they  frequently 
require  students  to  make  presentations  in  a  variety  of 
courses-particularly  in  upper-division  course  work  and  on 
the  graduate  level.  However,  they  most  likely  do  not  have 
the  time  to  give  proper  instruction  in  how  to  aeate 
effective  presentations.  Students  who  are  required  to  take 
one  or  more  courses  in  communications  as  a  part  of  their 
general  core  often  choose  courses  in  group  discussion. 
Even  those  who  enroll  in  a  public  speaking  course  are 
probably  going  to  find  that  the  course  consists  of  studies 
more  related  to  becoming  an  orator  than  in  making  a 
presentation. 

Students  enroUed  in  business  communications  may  be 
required  to  make  a  presentation  as  a  part  of  the  course  but 
also  receive  very  little  "how-to"  preparation.  Seventeen 
business  communication  textbooks,  published  by  well- 
known  authors  and  publishers  and  used  extensively  across 
the  United  States,  were  analyzed  in  a  study  by  Dr.  Pat  R. 
Graves,  a  professor  at  Eastern  lUinois  University.  A 
breakdown  analysis  showed  that  the  majority  of  the  time 
was  spent  on  business  wriUng,  with  only  an  average  of 
4.31  percent  of  the  total  material  addressed  the  subject  of 
presentations  (Graves,  1992). 

The  inclusion  of  a  course  on  the  design  and  presenta- 
tion of  information  is  truly  an  interdisciplinary  study  and 
may  be  located  in  a  variety  of  departments  such  as 
business,  engineering,  science,  art,  and  teacher  education. 

Suggested  Course  Content 

The  content  of  a  course  on  presentation  design  is 
really  a  computer,  speech,  art,  and  educational  technology 
course  aU  rolled  into  one.  A  suggested  topic  outline 
includes: 

Creating  Effective  Presentations 
Planning  tiie  Strategy 
Selecting  tiie  Media 
Developing  Uie  Message 
Using  Diagrams  and  Graphs 
Designing  Visuals 
Working  with  Color 
Considering  tiie  Environment 
Being  a  First-Rate  Presenter 
Conducting  Meetings 
Delivering  and  Evaluating 
Moving  Into  Multimedia 

Many  desktop  presentation  software  packages  are 
available  in  DOSAVindows  and  Mac  platforms.  For  the 
most  part,  the  application  packages  all  have  similar 
features  and  capabilities.  Therefore,  any  one  can  be 
chosen  for  tiie  class  to  use.  A  teacher  may  select  a  desktop 
presentation  application  program  (or  even  two  or  tiiree)  to 


have  available  in  the  classroom,  or  allow  tiie  students  to 
use  whatever  type  tiiey  have  access  to  at  home  or  work. 
Both  word  processing  and  desktq)  publication  software 
can  be  used  in  preparing  visuals,  but  desktop  presentation 
software  simplifies  tiie  task  and  has  many  added  benefits. 

The  course  should  not  become  a  course  devoted  only 
to  teaching  a  specific  software  package.  The  function  of 
tiie  course  is  the  design  and  presentation  of  information, 
and  tiie  software  application  is  a  tool  used  in  tiie  process. 

An  effective  way  to  teach  such  a  course  is  to  have 
each  student  meet  Oie  challenge  of  designing  and  imple- 
menting presentations  as  opposed  to  simply  giving  tiiem 
an  outline  of  Oie  steps  to  take.  Following  are  suggested 
projects  which  night  be  included  in  a  program. 

Project  1:  Introductions 

A  simple  project  tiiat  acquaints  tiie  students  witii 
platform  skiUs  and  conrect  use  of  tiie  overhead  projector  is 
to  have  each  class  member  make  a  personal  introduction. 
The  foUowing  steps  describe  tiie  procedure: 

•  Make  an  overhead  transparency  using  your  own  name 
as  tiie  heading  a  bullet  listing  of  information  about 
yourself-each  bullet  item  should  have  only  one  or  two 
words. 

•  Demonstrate  tiie  correct  way  to  use  an  overhead:  (1) 
place  a  frame  on  tiie  platform  so  tiiat  light  does  not 
glare  around  tiie  edges  and  (2)  avoid  having  the  light 
on  unless  a  transparency  is  on  tiie  exposure  table.  . 

•  Serve  as  a  model  by  using  your  transparency  to 
introduce  yourself  to  tiie  class. 

•  Give  each  student  an  overhead  transparency  and 
marker.  Have  students  write  tiieir  name  across  tiie  top 
and  make  a  bullet  list  witii  tiiree  points  to  include  in 
their  self  introduction. 

•  Encourage  students  to  use  graphic  images  or  marks  to 
create  interest. 

•  Allow  each  student  one  or  two  minutes  to  do  a 
personal  introduction  in  front  of  tiie  class  using  tiie 
transparency  as  a  prompt. 

The  goals  of  tiiis  project  are  many.  (1)  The  assignment 
provides  a  means  of  letting  students  get  acquainted.  (2) 
Students  learn  tiie  use  of  a  simple  bullet  chart.  (3) 
Students  are  instructed  in  tiie  prc^r  use  of  tiie  overhead 
projector.  (4)  Students  are  given  an  opportunity  to  plan 
and  organize  tiieir  tiioughts.  (5)  Students  experience  using 
visuals  aids  as  notes  and  become  less  conscious  of 
speaking  front  of  a  group.  The  time  required  for  planning 
and  preparing  tiie  visual  is  approximately  30  minutes  for  a 
class  of  20  to  25  students.  This  time  is  well  spent  as  it 
serves  to  break  tiie  ice  and  get  students  acquainted  as  weU 
as  getting  tiiem  up  front  fast  for  a  first  presentation. 

Project  2:  Group  Design 

After  basic  learning  of  software  is  completed  and 
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general  design  concepts  have  been  presented,  a  group 
design  project  is  a  logical  next  assignment. 

•  Choose  a  topic  of  general  interest-such  as  computer 
software  ethics,  designing  a  home  office,  cellular 
telephones,  international  business,  value  of  college 
education,  importance  of  meetings,  etc. 

•  Find  one  or  two  short  magazine  articles  on  the  chosen 
topic  and  duplicate  for  the  class  members.  Make  sure 
the  information  provides  information  for  bullet  chart, 
statistics  for  a  graph,  etc. 

•  Let  students  divide  into  groups  of  three,  four,  or  five 
making  sure,  if  possible,  that  a  strong,  experienced 
student  is  in  each  group.  As  a  group,  they  are  to  plan 
and  design  ten  visuals.  Students  can  individually  read 
and  storyboard  their  ideas  outside  of  class  before 
meeting  as  a  group  to  ccxnbine  their  ideas  for  the  ten 
visuals. 

•  Allow  time  for  the  keyboarding  of  the  ten  visuals. 
ActuaDy,  one  or  two  students  will  need  to  take  the 
leadership  on  this  activity,  but  the  others  can  leam  by 
observation. 

•  Have  each  group  select  a  member  from  their  group  to 
show  and  the  ten  visuals.  Do  not  have  them  actually 
deliver  the  presentation  but  talk  about  how  and  why 
the  visuals  were  made. 

A  group  design  project  provides  a  good  starting  point 
for  students.  Mwe  advanced  students  will  take  the 
leadership  and  provide  help  and  encouragement  to  others. 

Project  3:  Videotapa  Feedbock 

Videotaping  a  short  presentation  of  two  to  five 
minutes  can  be  most  helpful.  If  facilities  for  videotaping 
are  available,  students  can  make  their  videotaped  presen- 
tations individually  or  within  a  small  group.  Then,  the 
videotape  can  be  played  back  for  the  entire  group  to 
critique.  Students  should  be  given  the  oj^rtunity  to 
watch  their  own  presentations  numerous  times  and 
complete  a  self-evaluation  indicating  goals  for  improve- 
ment. 

Project  4:  Research  Presentation 

A  research  presentation  is  assigned  on  a  subject 
pertaining  to  the  class-such  as  competence  in  speaking, 
importance  of  visuals,  meetings,  use  of  color,  fihn 
recorders,  scanners,  clip  art,  fonts,  etc.  Depending  upon 
the  size  of  the  class,  the  research  presentation  can  be  10  to 
15  minutes  long.  Since  individual  presentations  do  take 
large  portions  of  class  time,  these  presentations  serve  as  a 
valuable  learning  tool.  Each  presenter  learns  more  about 
one  topic;  the  whole  class  has  an  opportunity  to  share  in 
this  learning. 

Project  5:  Final  Presentation 

A  final  presentation  assignment  is  on  a  topic  of  choice 


for  each  student  The  choice  can  be  on  a  topic  needed  for 
work,  another  class,  or  a  subject  of  interest  to  the  student. 
Letting  students  choose  a  topic  of  interest  or  need  makes 
the  assignment  more  worthwhile  for  students.  Conse- 
quently, they  are  likely  to  become  more  involved  and  ate 
willing  to  spend  extra  time  on  this  assignment.  The  final 
presentation  should  be  15  to  20  minutes  if  classroom  tune 
allows. 

Evaluations  on  Projects  3, 4,  and  5  from  an  instructor 
are  important,  but  peer  evaluations  are  extremely  helpful. 
Students  are  liable  to  really  listen  and  take  heed  if 
numerous  students  make  similar  comments  to  yours. 
AvCtually,  students  may  be  more  critical  than  you  are  in 
ycur  evaluation.  A  form  can  be  provided  to  channel  these 
critiques. 
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Computer  technology  has  the  potential  to  transfonn 
educational  structure  and  process  in  ways  which 
remain  largely  unexplored.  Most  educators  have 
not  yet  embraced  this  technology  nor  have  they  investi- 
gated the  possibilities  it  affords  them  to  contemplate  new 
ways  of  viewing  their  daily  instructional  actions  and 
interactions.  Certainly,  one  of  the  significant  challenges 
faced  by  teacher  educators  today  is  to  prepare  preservice 
teachers  adequately  to  use  the  miaocomputer  in  new 
w?vys  in  their  subsequent  teaching  careers  (Valdez,  1986). 
Computers  are  common  equipment  in  the  schools; 
however,  unless  teachers  are  prepared  to  use  them  as  an 
integral  part  of  their  teaching,  this  important  technology 
may  be  given  a  marginal  position  on  the  fringes  of  the 
school  curriculum  (White,  1990).  The  best  way  to  assure 
that  computes  will  become  practical  tools  for  the  teacher 
is  to  integrate  their  use  into  the  core  of  preservice  prepara- 
tion programs  (Norvak  &  Berger,  1991;  Troutman  & 
White,  1991).  Using  computers  in  preservice  teacher 
education  courses  and  ensuring  that  our  teachers-in- 
training  use  the  technology  during  their  university 
practicaare  essential  (Troutman  &  White,1991). 

A  few  years  ago  special  education  faculty  at  the 
University  of  Saskatchewan  were  facing  a  two-fold 
challenge:  to  integrate  the  use  of  ccnnputer  technology 
into  the  resource  teacher  preparation  program  and  to 
change  the  practicum  experiences  from  a  clinical  to  a 
school  base.  In  striving  to  address  both  challenges,  faculty 
developed  and  are  now  field  testing  AIMS  CoPlanner,  a 
software  application  designed  to  support  the  collaborative 
roles  of  educators  who  share  instructional  responsibility 
for  learners  w?^h  special  education  needs. 

AIMS  is  an  acronym  for  Assessment,  Instruction,  and 
Management  Support,  the  main  purposes  of  the  software, 
while  "CoPlannef*  implies  that  the  software  is  intended  to 
facilitate  teachers  and  support  staff  in  collaborative 
planning  for  students  with  special  needs.  The  general 
purpose  of  CoPlanner  is  to  support  all  of  the  assessment, 
program  planning,  teaching,  monitoring,  and  reporting 
tasks  of  teachers  and  other  educators,  while  leaving 
educational  decisions  in  the  hands  of  the  professionals. 
The  primary  objective  of  this  paper  is  to  describe  and 
illustrate  the  conceptual  and  practical  attributes  of  AIMS 
CoPlanner,  while  a  secondary  purpose  is  to  describe  the 
Saskatchewan  special  education  context  within  which 
CoPlanner  was  developed. 

A  Saskatchewan  Context  for  CoPlanner 

Faculty  in  tiie  Department  for  the  Education  of 
Exceptional  Children  at  the  University  of  Saskatchewan 
have  been  involved  in  tiie  preservice  preparation  of 
resource  teachers  for  more  than  twenty  years.  At  approxi- 
mately five  year  intervals,  tiiey  have  done  surveys  of  their 
past  graduates,  asking  how  well  prepared  tiiey  were  for 
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their  jobs  and  what  they  would  like  to  see  improved  in  the 
resource  teacher  education  program.  In  the  last  two 
surveys,  resource  teachers  gave  high  priority  to  including 
more  instruction  on  the  use  of  computer  technology  in 
required  coursework  and  on  making  the  practicum 
experiences  school-based,  rather  than  clinically-based. 

In  the  wider  provincial  education  context,  many  of  the 
paradigm  shifts  in  special  education  service  delivery 
documented  elsewhere  in  North  America  (Skrtic,  1991; 
Stainback  &  Stainback,  1984)  were  also  affecting  us. 
During  the  1980s,  for  example,  remarkable  progress  was 
made  toward  integrating  students  with  special  needs  into 
regular  classrooms  in  the  community  schools  (Sanche  & 
Dahl,  1991).  Program  planning  and  service  delivery  for 
these  students  with  special  needs  became  the  responsibil- 
ity of  teams  of  professionals  (Friend  &  Cook,  1992;  Idol. 
Paolucci-Whitcomb,  &  Nevin,  1986).  Indeed,  the  "teams" 
approach  has  spread  to  many  school  districts  in 
Saskatchewan  and  collaborative  service  delivery  has 
emerged  as  the  current  instructional  practice  paradigm  for 
special  educators.  The  shift  has  meant  a  major  change  in 
the  ways  that  resource  teachers  and  other  suH>ort  person- 
nel work.  Resource  teachers  and  other  special  educators 
now  place  greater  value  on  the  interpersonal  skills  which 
allow  them  to  communicate  effectively,  to  plan  instruc- 
tion jointly,  and  to  collaborate  in  various  phases  of  the 
delivery  of  shared  instruction  in  the  classroom. 

As  integration  and  mainstreaming  of  students  with 
special  needs  have  gained  momentum  (Sanche  &  Dahl, 
1991),  the  curriculum  offered  in  the  classroom  has 
become  a  matter  of  greater  concern  for  all  students.  In 
Saskatchewan,  a  core  curriculum  has  been  adopted  for 
schools  throughout  the  province  (Saskatchewan  Educa- 
tion, 1988)  with  suggested  adaptations  for  students  with 
special  needs  encouraged  at  all  levels  (Saskatchewan 
Education,  1992).  When  a  student  with  special  education 
needs  is  integrated  into  the  regular  classroom,  there  is  an 
expectation  that  the  student  will  be  following  the  same 
cuniculum,with  appropriate  adaptations,  as  do  the  other 
students  in  the  classroom.  When  several  different  educa- 
tors share  responsibility  for  instructional  planning,  and  for 
the  many  important  details  involved  in  joint  cunicular 
planning,  computer  technology  can  be  used  effectively 
across  the  curriculum.  AIMS  CoPianner  was  developed 
specifically  as  a  computer  model  of  the  collaborative 
decision-makmg  role  of  the  resource  teacher —  a  model 
which  can  be  used  initially  to  teach  about  the  role  of  the 
resource  teacher  and  subsequently  as  a  tool  to  support  the 
actual  work  of  these  teachers. 

Ihe  Conceptual  Boses  of  CoPlonner 

While  microcomputers  have  become  common 
technology  in  the  schools,  they  are  most  often  used  for 
computer  assisted  instruction  (C  AI)  rather  than  as  support 


for  the  instructional  planning  tasks  of  the  teacher  (Lillie, 
Hannum.  &  Stuck,  1989).  Baker  (1978)  maintained  that 
computer  managed  instruction  (CMI)  could  potentially 
conuibute  more  to  positive  educational  outcomes  in  the 
schools  than  ahnost  any  other  use  of  the  computer. 
Nevertheless,  if  the  proportion  of  the  published  literature 
devoted  to  CAI  can  be  taken  as  an  index  of  computer  use, 
most  teachers  are  using  the  computer  for  CAI  (Kulik, 
Bangert,  &  Williams,  1983;  Woodward  &  Geisten,  1992). 
According  to  the  classification  system  provided  by  Lillie, 
Hannum,  and  Stuck  (1989),  existing  CMI  programs  tend 
to  be  "integrated  learning  systems"  or  "subject-specific 
instructional  management  systems",  both  relatively 
"closed*'  systems  in  which  instruction  is  focused  on  a 
single  curriculum  or  subject.  Both  systems  support 
administrative  information  gathering,  instructional 
evaluation,  and  record-keeping,  rather  than  instructional 
planning  and  joint  service  delivery. 

The  major  concept  underiying  the  development  of 
AIMS  CoPianner  is  that  the  microcomputer  can  be  used 
to  support  and  enhance  the  instructional  planning  and 
management  work  of  resource  or  "helping"  teachers.  By 
this  we  mean  that  CoPianner  was  designed  for  CMI,  or 
what  we  prefer  to  call  CcMnputer  Supported  Instruction 
(CSI),  rather  than  for  CAI.  That  is,  the  software  program 
is  intended  as  an  aid  for  the  teacher,  rather  than  as  a 
medium  of  instruction  for  the  student  with  special  needs. 
The  idea  was  to  develop  a  computer  model  of  the  deci- 
sion-making process  of  competent  resource  teachers  and 
to  build  in  an  array  of  assessment,  teaching  and  monitor- 
ing tools  to  facilitate  teachers  in  that  process.  Further- 
more, we  conceived  of  CoPianner  as  having  continuity  of 
use  in  preservice  teacher  preparation,  related  field 
practica,  and  subsequent  full-time  teaching. 

Our  second  formative  idea  was  to  develop  CoPianner 
as  an  "open"  instructional  support  system,  which  would 
allow  users  to  tailor  the  software  both  to  their  specific 
jobs  and  to  their  unique  styles  of  service  delivery.  We 
anticipated  that  diverse  users  such  as  resource  teachers, 
special  education  consultants,  educational  psychologists, 
social  workers  and  counselors  might  all  wish  to  use 
CoPianner.  The  program  was  therefore  designed  with  a 
question-driven,  generic,  five-stage  instructional  planning 
model  at  its  core.  In  the  model,  all  of  the  areas  of  mstruc- 
tion  (curriculum  areas)  are  readily  modified  or  changed 
by  the  user.  Over  time  AIMS  CoPianner  will  become  a 
personal  tool,  progressively  reflecting  the  unique  roles 
and  service  delivery  styles  of  users. 

The  third  idea  underiying  CoPianner  is  that  it  would 
foster  computer  literacy  in  teachers  who  used  it  as  an 
integral  part  of  preservice  preparation.  Our  project  team 
was  influenced  by  the  well-documented  recommendations 
of  the  Michigan  Preservice  Technology  Training  Task 
Force  (Norvak  &  Berger,  1991).  It  maintained  that 
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Figure  1 .  Elements  of  AIMS  CoPlanner 


computer  technology  should  be  fully  integrated  into 
preservice  teacher  preparation,  both  as  a  tool  ioc  teacher 
educators  and  for  teachers-m-training.  We  therefore 
designed  AIMS  CoPlanner  as  a  computer  model  which 
preservice  students  first  learn  in  their  on-campus  courses, 
carry  with  them  for  use  in  school-based  practica  sites,  and 
can  subsequently  use  m  their  regular  teachmg  positions. 
Our  fundamental  belief  is  that  teachers  who  recognize  the 
potential  long-term  benefits  of  using  a  computer  tool  such 
as  CoPlanner,  will  be  more  willing  to  learn  to  use 
computers  during  preservice  preparation. 

Practical  Attributes  of  CoPiannor 

AIMS  CoPlanner  is  a  software  system  designed  to 
support  initial  aiKi  on-gomg  instructional  planning  for 
students  with  special  needs,  and  to  track  such  students' 
progress  across  the  curriculum  and  over  time.  At  the  heart 
of  CoPlanner  is  a  two-dimensional  CoPlanning 


Worksheet  used  to  capture  the  collaborative  work  done  on 
a  "project**,  or  instructional  plan,  iot  any  student  with 
special  education  needs.  The  vertical  axis  of  the 
worksheet  mcorporates  the  curriculum  elements  estab- 
lished for  the  student,  while  the  horizontal  axis  includes  a 
question-driven,  five-step  instructional  model  consisting 
of  the  following:  Information  Gathering,  Reflection  and 
Plannmg,  Teachmg,  Monitoring,  and  Reporting.  In  usmg 
AIMS  CoPlanner,  educators  are  required  to  be  more 
systematic  and  collaborative  m  their  work,  while  routmely 
recording  on  the  computer  the  results  of  theu:  plannmg 
and  teaching.  Further,  using  CoPlanner  leaves  teachers  as 
the  instructional  decision-makers,  while  providing  them 
with  the  on-line  data  for  such  decisions. 

The  major  elements  of  AIMS  CoPlanner  are  set  out  m 
Figure  1.  Together  these  elements  constitute  an  integrated 
computer  support  system  which  allows  the  users  to: 
jointly  assess  and  plan  a  student's  educational  program, 
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even  when  it  is  not  always  possible  for  all  members  of  the 
team  to  meet  face-to  face;  use  on-line  Tools  for  assess- 
ment aiid  teaching;  loutinely  communicate  with  other 
members  of  the  support  team  by  on-line  Mail;  capture  the 
resists  of  all 

Assessment,  Planning,  and  Teaching  on-line;  generate 
on-going  Smnmary  Reports  of  work  in  progress;  use  pre- 
planned templates  to  generate  progress  reports  on 
students;  keep  confidential  or  personal  notes  on-line;  and, 
obtain  Extended  Help  on-line  and  situational  help  through 
Balloon  Helps  built  into  the  software. 

The  final  two  practical  attributes  of  CoPlanner,  both 
mentioned  earlier,  are  that  it  is  significaniiy  adaptable  to 
the  users'  preferred  ways  of  working  with  students  with 
special  needs  and  is  readily  modified  by  the  user,  to 
reflect  differing  curricula  or  program  guidelines  from  one 
educational  jurisdiction  to  another. 

CoPICMTiner  in  Resource  Teacher  Preparation 

In  the  professional  preparation  of  resource  teachers, 
AIMS  CoPlanner  is  used  both  as  a  question-driven 
computer  model  of  the  role  of  the  resource  teacher  and  as 
a  tool  to  support  resource  teachers  in  their  work.  Students 
consider  the  five-step  model  built  into  the  horizontal  axis 
of  the  CoPlanning  worksheet  and  study  ways  of  accom- 
plishing each  step  effectively;  they  consider  the  merits  of 
working  collaboratively,  first  with  fellow  students  and 
their  professors  and  later  in  practica  settings,  with  the  host 
resource  teacher  and  other  teachers  in  the  school.  They 
also  study  and  learn  to  use  all  of  the  other  elements  of 
CoPlanner  such  as  the  Project  Summary,  On-line  assess- 
ment and  teaching  Tools,  and  Messaging  and  Help 
Systems.  They  review  and  critique  on-line  assessment  and 
teaching  tools,  as  well  as  create  and  incorpcrate  new  tools 
into  CoPlanner.  Initially  all  of  these  attributes  of 
CoPlanner  are  studied  as  elements  of  the  role  of  the 
collaborative  resource  teacher,  as  well  as  being  compo- 
nents of  the  computer  software.  Later,  however,  in  the 
practica  settings,  they  are  experienced  as  fnactical 
elements  of  a  system  of  instruction.  If  the  Michigan  Task 
Force  (Norvak  &  Berger,  1991)  is  correct,  this  approach 
to  preservice  preparation  should  maximize  the  possibility 
that  not  only  will  our  teachers  be  more  computer  literate 
but  that  they  will  be  more  likely  to  use  the  computer  in 
their  subsequent  teaching  positions. 

CoPlanner  Across  the  Curriculum 

Today,  with  more  and  more  students  witii  special 
needs  being  integrated  into  mainstream  classrooms, 
teachers  and  support  staff  share  responsibility  for  educa- 
tional planning  and  service  delivery.  AIMS  CoPlanner 
was  designed  specifically  to  support  such  group  planning 
and  teaching,  both  aaoss  the  curriculum  and  in  specific 
developmental  or  remedial  areas.  A  question-based 


coplannmg  model  at  the  heart  of  the  software  facilitates 
focused,  systematic  woik  by  all  members  of  the  team, 
while  the  computer  model  of  joint  planning  and  instruc- 
tional information  helps  team  members  to  coordinate  their 
efforts.  CoPlanner  also  supports  collaborative  work  over 
time,  especially  when  there  are  changes  in  staff  members 
responsible  for  a  student's  educational  program.  AIMS 
CoPlanner  is  intended  for  CSI  both  across  the  student's 
curriculum  for  Uie  current  year  and  across  the  curriculum 
for  the  duration  of  the  student's  educational  experience. 

Current  Status  of  CoPionner 

AIMS  CoPlanner  is  now  in  its  Uiird  and  final  year  of 
development.  Conceptualization  of  CoPlanner  took  place 
in  the  first  year  of  the  project,  with  programming  in  the 
second  year,  ollowed  by  a  brief  fonnatiive  evaluation  at 
one  half  dozen  sites  in  May  and  June  of  year  two.  The 
formative  evaluation  yielded  aj^roximately  twenty-five 
suggestions  for  improving  the  software.  These  were 
incorporated  during  the  July  to  October  period  of  1992. 
The  revised  version  of  CoPlanner  is  cunently  being  field- 
tested  at  three  universities  and  twenty  school  sites  in 
Canada,  the  United  States,  and  Australia.  CoPlanner 
includes  a  printed  manual  which  is  also  on-line  as 
"Extended  Help".  "Balloon  Helps"  provide  contextual 
assistance  throughout  the  software. 

Any  limitations  inherent  in  collaborating  professionals 
using  AIMS  CoPlanner  should  become  clear  as  the 
current  field  trials  proceed.  For  example,  lack  of  profi- 
ciency in  typing,  or  in  the  use  of  computers  in  general, 
might  be  factors  which  could  affect  the  perceived  value  of 
tiie  software  for  a  specific  group  of  collaborating  profes- 
sionals. The  software  has  been  designed  to  be  transparent 
and  user  friendly,  even  for  the  novice  user.  The  informa- 
tion capture,  storage,  and  utilization  features  of  CoPlanner 
should  also  save  considerable  time  for  professionals  who 
use  it.  Finally,  CoPlanner  will  be  reviewed  and  enhanced, 
if  necessary,  according  to  feedback  from  the  current  field 
trials. 

Conclusion 

AIMS  CoPlanner  is  a  computer  instructional  support 
system  for  resource  and  oUier  helping  teachers  who  share 
responsibility  for  the  tasks  associated  with  teaching 
students  with  special  needs.  CoPlanner  is  initially 
developed  to  support  these  tasks  during  preservice 
resource  teacher  preparation;  however,  it  is  also  a  tool 
which  teachers  may  find  equally  useful  in  their  subse- 
quent fuU-tijne  employment.  As  an  open  system, 
CoPlanner  can  be  used  to  support  collaborative  educa- 
tional decision-making  in  all  components  of  the  curricu- 
lum for  students  with  special  needs.  It  can  also  be  used  to 
develop  instructional  adaptations  within  a  specific  subject 
area  for  a  student.  Finally,  it  is  designed  to  capture  the 
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results  of  planning  and  teaching,  to  facilitate  reporting 
student  progress,  and  to  enhance  communication  among 
educators.  CoPlanner  is  therefore  an  emerging  tool  to 
facilitate  collaborative  instiiictional  decision-making 
across  the  curriculum  for  students  with  special  needs. 
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It  is  as  wrong  to  steal  someone's  intangible  property  as 
it  is  to  steal  their  tangible  goods.  Many  people  have 
no  problem  understanding  both  the  legal  and  moral 
prohibitions  against  stealing  someone  else's  prqperty,  but 
this  clarity  of  understanding  seems  to  get  muddled  when 
the  subject  matter  is  intangible  property.  When  property 
has  neither  form  nor  substance  and  the  ease  of  misappro- 
priation increases,  questions  arise  as  to  what  constitutes 
infringement  or  the  legal  use  of  this  property. 

Intellectual  property  can  be  defined  as  the  pr^  '  xt  of 
the  mind.  The  law  currently  has  three  primary  methods  to 
protect  intellectual  property:  copyright,  patent  and  trade 
secret  protection.  Each  of  these  methods  is  designed  to 
cover  specific  subject  matter  and  to  confer  specific  rights 
and  liabilities  from  the  aeation  and  use  of  this  property. 
Multimedia  presentations  are  a  new  form  of  communicat- 
ing intellectual  property.  Multimedia  presentations  are 
created  from  intellectual  property,  and  themselves 
become  intellectual  property. 

Multimedia  usually  involves  using  several  communi- 
cation  sources  simultaneously  to  allow  large  numbers  of 
people  access  to  and  use  of  resources  not  possible 
previously.  While  the  techiwlogy  used  to  crea^;:  multime- 
dia presentations  is  advanced,  the  presentations  still 
display  written,  visual,  and  audio  text,  expression  that  has 
long  been  covered  by  copyright  law. 

A  common  problem  faced  by  courts  and  the  legal 
system  when  addressing  new  techiwlogies  is  to  decide 
whether  to  apply  previously  established  rules  and  con- 
cepts to  new  technologies  or  to  decide  whether  the  new 
situation  warrants  an  entirely  different  approach  to  find  a 
solution.  Until  Congress  decides  to  develop  a  new  method 
of  creating  rights  and  liabilities  for  multimedia  presenta- 
tions, copyright  law  will  be  used  to  articulate  authors' 
rights  and  users'  liabilities.  The  purpose  of  this  paper  is  to 
examine  the  rights  and  liabilities  of  authors  and  users  of 
copyrighted  materials  in  multimedia  presentations. 

Copyright  Law 

The  seminal  copyright  legislation,  the  English  Statute 
of  Anne,  was  enacted  in  1709  in  response  to  the  first 
major  technological  innovation:  the  invention  of  the 
printing  press  in  the  fifteenth  century.  The  ability  to  mass 
produce  books  resulted  in  a  host  of  secondary  producers, 
or  "book  pirates,"  who  purchased  books  for  the  sole 
purpose  of  copying  them  and  reselling  the  copies  to 
consumers.  Threatened  with  the  destruction  of  their 
livelihood,  the  original  producers  of  the  books,  the 
Stationers,  petitioned  Parliament  for  relief.  The  resultmg 
Statute  of  Anne  granted  exclusive  property  rights  for  a 
limited  period  of  time,  after  which  the  protected  works 
would  be  returned  to  the  public  domam.  (MiUs,  1989) 

This  English  statute  is  the  foundation  of  copyright  law 
in  the  United  States.  Article  I,  Section  8  of  the  United 
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States  Constitution  says,  "Congress  shall  have  the  power 

to  promote  the  progress  of  science  and  useful  arts,  by 

securing  for  limited  times  to  authors  and  inventors  the 
exclusive  right  to  their  respective  writings  and  discover- 
ies." Copyright  law  protects  the  creation  of  expression. 
Ideas,  in  and  of  themselves,  are  never  protected.  Section 
102(b)  of  the  Cc^yright  Act  of  1976  (1988)  indicates,  "In 
no  case  does  copyright  protection  for  an  original  woric  of 
authorship  extend  to  any  idea,  piocedure,  process,  system, 
method  of  operation,  concept,  principle,  or  discovery, 
regardless  of  the  form  in  which  it  is  described,  explained, 
illustrated,  or  embodied  in  such  work"  One  is  always  free 
to  aeate  new  ways  to  express  even  old  ideas,  but  using 
someone  else's  protected  expression  without  pennission 
may  be  infringement. 

The  purpose  of  Article  I,  Section  8  and  the  Copyright 
Act  is  to  ix-otect  competing  interests.  The  language  of  the 
Constitution  suggests  the  need  to  balance  the  interests  of 
creators  of  intellectual  property  with  the  needs  of  the 
users  of  this  property.  Exclusive  rights  of  ownership  are 
secured  to  authors,  but  for  a  limited  time.  Exclusive 
rights  produce  incentives  to  motivate  authors  and  inven- 
tus to  continue  their  work.  Compensation  to  authors  for 
the  creation  and  use  of  intellectual  property  provides  a 
powerful  stimulus  to  produce  this  product.  Users  want 
access  to  these  jx-oducts  to  read  the  works  of  authors, 
listen  to  their  compositions  and  delight  in  the  visual 
stimulation  of  artwork  or  fascinating  gri^hics,  Users  may 
also  want  to  incorporate  these  woiks  into  their  own 
multimedia  presentations.  Since  society  benefits  from  the 
dissemination  of  innovations  and  technological  advances, 
the  law  must  strike  a  balance  between  the  author's  desire 
to  control  and  profit  from  his  work  and  the  user's  desire 
to  take  this  product  and  benefit  from  it  (U.  S.  Congress, 
House,  Office  of  Technology  Assessment,1992). 

Multimedia  presentations  present  unique  copyright 
issues  because  these  presentations  are  often  a  combination 
of  works  from  different  authors  organized  in  a  manner  not 
intended  by  the  original  authors.  Do  auth^s  have  the  right 
to  determine  how  their  work  is  to  be  used?  What  liabili- 
ties arise  from  incorporating  other  people's  work  into  a 
multimedia  presentation?  Does  combining  other  people's 
work  create  a  new  wwk  that  can  be  protected  under  this 
author's  name?  This  paper  will  ciddress  these  concerns. 

Rights  of  Authors 

Authors  can  claun  copyright  protection  for  any 
expression  that  meets  the  following  criteria  The  work 
must  be  an  original  work  of  human  authorship,  fixed  in 
any  tangible  medium  of  expression,  now  known  or  later 
developed,  from  which  it  can  be  perceived,  reproduced,  or 
otherwise  communicated,  either  directly  or  with  the  aid  of 
a  machine  or  device.  According  to  Section  102(a)  of  the 
Copyright  Act  of  1976  (1988),  works  that  can  be  pro- 


tected by  copyright  include: 

1.  literary  works; 

2.  musical  works,  including  any  accanpanying  works; 

3.  dramatic  works,  including  any  accompanying  music; 

4.  pantomimes  and  choreographic  works; 

5.  pictoral,  graphic  and  sculptural  woiks; 

6.  motion  pictures  and  other  audiovisual  works;  and 

7.  sound  recordings. 

Accordmg  to  Section  201  of  the  Copyright  Act  of 
1976  (1978),  "Copyright  in  a  work  protected  under  this 
title  vests  initially  in  the  author  or  authors  of  the  work." 
Copyright  protection  attaches  automatically.  It  comes 
from  the  old  common  law  right  to  cc^yright.  Thus,  it  is 
not  necessary  to  file  for  a  copyright  to  claim  legal  rights. 
Nor  is  it  necessary  to  display  a  visible  copyright  notice  to 
preserve  the  copyright  protection.  "In  1988,  the  United 
States  adopted  the  Berne  Convention  Act  (BCA),  thereby 
placing  the  United  States  in  compliance  with  the  copy- 
righf  law  agreement.  Pursuant  to  the  BCA,  the  require- 
ment of  a  visible  copyright  notice  was  deleted  for  works 
published  in  the  United  States  after  March  1, 1989" 
(Nimmer,  1992).  Copyright  registration  is  necessary, 
though,  if  one  wants  to  bring  suit  for  infringement. 
Jurisdictional  requirements  imposed  by  Section  41 1(a)  of 
the  Copyright  Act  of  1976  (1988)  require  that  the  copy- 
right be  registered  prior  to  mitiating  a  law  suit, 

Although  the  notice  requirement  has  been  deleted,  it  is 
still  advisable  to  place  the  notice  on  works  to  defeat  any 
claim  of  innocent  infringement.  More  important  is  the 
shift  in  assumptions  made  by  users  of  protected  works. 
Failure  of  a  work  to  display  the  copyright  notice  does  not 
imply  the  work  is  in  the  public  domain.  Authors  are 
entitled  to  full  rights  to  their  works  even  if  they  choose 
not  to  register  their  works  with  the  Office  of  Copyright 
and  they  choose  not  to  display  any  visible  notice  of 
copyright. 

The  cq)yright  law  grants  authors  of  cc^yrighted 
works  five  exclusive  rights:  reiM-oduction,  adaptation, 
publication,  performance,  and  display.  Each  is  a  distinct 
right,  hifringement  takes  place  when  any  one  of  the  rights 
is  violated.  Incorporating  music  from  a  compact  disc  or 
taking  an  image  from  a  magazine  and  putting  it  into  a 
display  witiiout  pennission  is  infringement  of  die  rights  of 
the  holder  of  the  copyright,  "Mere  ownership  of  a  book, 
manuscript,  painting  or  any  otiier  copy  of  a  phonorecord 
does  not  give  tiie  possessor  tiie  copyright.  The  law 
provides  that  the  transfer  of  ownership  of  any  material 
object  that  embodies  a  protected  work  does  not  itself 
convey  any  rights  in  the  copyright'*  (Copyright  Office, 
1992),  Even  tiiough  the  music  on  tiie  compact  disc  may 
have  been  bought  and  paid  for.  tiie  compact  disc  owner 
purchased  only  limited  rights  for  use  of  tiie  compact  disc. 
The  purchase  of  tiie  disc  does  not  imply  a  right  to 
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reproduce  the  music  in  a  multimedia  presentation  or  use 
the  music  in  any  other  manner.  The  general  rule  of  law  is 
that  creators  of  multimedia  presentations  cannot  use 
protected  materials  in  their  own  presentations  without 
authorization  from  the  cq)yright  holder. 

Section  106(2)  of  the  Copyright  Act  of  1976  (1988) 
also  confers  upon  the  copyright  owner  the  right  to  create 
derivative  works.  According  to  House  Report  No.  94- 
1476  (U.  S.  Congress,  House,1976a),  a  derivative  work 
requires  a  process  of  recasting,  transforming,  or  adapting, 
"one  or  more  pre-existing  works."  Multimedia  presenta- 
tion authors  who  attempt  to  circumvent  copyright 
protection  by  incorporating  altered  protected  works  into 
their  presentations  can  be  liable  for  infringement.  Even 
major  alterations  of  a  piece  are  still  likely  to  be  character- 
ized as  a  derivative  work  subject  to  ownership  rights  of 
the  original  author.  "Nothing  in  the  Copyright  Act 
requires  derivative  works  to  perform  the  same  function  as 
the  first  work"  (Kemp,  1990).  Protection  of  derivative 
works  grants  strong,  exclusive  rights  in  the  copyright 
holder.  The  Copyright  Act  conveys  to  authors  broad, 
exclusive  rights  to  their  works. 

Rights  of  Users  of  Protected  Materials 

The  broad,  exclusive  rights  conveyed  to  authors 
through  the  Copyright  Act  are  subject  to  exceptions. 
Sections  107  through  109  of  Title  17  place  limitations  on 
authors'  exclusive  rights.  One  of  these  limitations  is  die 
fair  use  exception.  "Fair  use  refers  to  a  privilege  in 
someone  other  than  the  owner  of  a  copyright  to  use  the 
copyrighted  material  in  a  reasonable  manner  without 
consent,  notwithstanding  the  monopoly  granted  to  the 
owner"  (McNally  &  Sutherland,  1986).  Section  107  of  the 
Copyright  Act  of  1976  (1982)  describes  the  fair  use 
exception  as  follows, ".  . .  the  fair  use  of  a  copyrighted 
work,  including  such  use  by  rejxoduction  in  copies  or 

phonorecords  or  by  any  other  means  for  purposes 

such  as  criticism,  comment,  news  repenting,  teachmg 
(including  multiple  copies  for  classroom  use),  scholar- 
ship, or  research,  is  not  an  mfringement  of  copyright." 
Since  the  law  has  not  addressed  multimedia  presentations 
as  a  distinct  form  of  conimunicalion  guidance  can  be 
gleaned  from  examming  how  written,  visual,  and  audio 
works  are  treated  under  the  fair  use  exemption. 

"Although  the  courts  have  considered  and  mled  upon 
the  fair  use  doctrine  over  and  over  again,  no  real  defini- 
tion of  the  concept  has  ever  emerged.  Indeed,  since  the 
doctrine  is  an  equitable  rule  of  reason,  no  generally 
applicable  definition  is  possible,  and  each  case  raising  the 
question  must  be  decided  on  its  own  facts"  (U.  S.  Con- 
gress, House,  1976b).  Nevertheless,  there  are  guidelines 
the  courts  use  when  detemiining  whether  a  given  act  falls 
under  the  protection  of  the  fair  use  exception.  *The  four 
factors  to  be  considered  in  detennining  fair  use  are  (l)the 


purpose  and  character  of  the  use,  (2)the  nature  of  the 
work,  (3)the  amount  used  in  relation  to  the  whole,  and 
(4)the  effect  of  the  use  on  the  potential  market  for  the 
woric"  (Copyright  Act  of  1976, 17  U.  S.  C.  §107, 1982). 

Court  interpretation  of  the  fair  use  exception  created 
by  the  Copyright  Aa  suggests  that  the  fair  use  exceptions 
of  protected  worics  are  fairly  generous  for  classroom  use. 
Here  the  courts  balance  in  favor  of  protecting  society's 
interests  in  disseminating  information.  For  example,  the 
courts  recognize  limits  on  the  Constitutional  monopoly 
granted  to  authors  and  inventors.  The  law  allows  for  both 
single  and  multiple  copies  of  protected  works  in  limited 
circumstances.  A  single  copy  of  an  article  from  a  periodi- 
cal or  newspaper,  a  short  story,  short  essay,  or  short 
poem,  whether  or  not  a  collective  work,  and  a  chart, 
graph,  diagram,  drawing,  cartoon  or  picture  from  a  book, 
periodical,  or  newspaper  may  be  made  by  an  individual 
teacher  for  scholarly  research,  use  in  teaching,  or  prq)ara- 
aon  to  teach  a  class  (McNally  &  Sutherland,  1986).  Since 
multimedia  presentations  allow  at  least  two  or  more 
people  to  view  the  material  simultaneously,  the  guidelines 
for  multiple  copies  of  protected  materials  provide  the 
better  analogy  for  applying  the  fair  use  exemption  to 
multimedia  displays.  The  fair  use  exception  for  multiple 
copies  is  very  similar  to  the  single  copy  fair  use  excep- 
tion, but  additional  restrictions  are  placed  on  the  multiple 
copy  exemption.  Multiple  copying  must  fall  within  the 
guidelines  of  brevity  and  spontaneity,  and  must  satisfy  the 
cumulative  effect  test. 

Works  that  satisfy  the  brevity  test  include  a  complete 
poem,  if  less  than  250  words,  or  a  complete  article,  story, 
or  essay  of  less  than  2,500  words.  An  excerpt  from  any 
prose  work  of  not  more  than  1,0(X)  words  or  10%  of  the 
work  would  also  satisfy  the  brevity  test.  One  chart,  graph, 
diagram,  drawing,  cartoon  or  picture  per  book  or  per 
periodical  issue  is  allowed  under  the  brevity  test.  Sponta- 
neity is  described  as  the  copying  at  the  instance  and 
inspiration  of  the  individual  teacher;  the  inspiration  and 
decision  to  use  the  work  and  the  moment  of  its  use  are  so 
close  in  time  that  maximum  teaching  effectiveness  would 
be  lost  if  one  had  to  wait  for  a  reply  to  a  request  for 
permission.  The  cumulative  effect  test  limits  the  amount 
of  material  that  can  be  copied  by  a  teacher  during  the 
course  of  a  term,  and  limits  the  amount  of  material  than 
can  be  taken  from  any  single  author.  In  general,  copying 
should  be  limited  to  a  single  course  with  no  more  than 
two  excerpts  per  author  during  the  course  of  a  school  term 
(McNally  &  SuUierland,  1986).  It  is  certainly  possible  to 
CTeate  multimedia  presentations  that  would  allow  the  legal 
use  of  protected  materials  under  these  guidelines. 

Both  music  and  oft-air  recordings  of  broadcast 
programming  are  also  subject  to  the  fair  use  exception.  A 
broadcast  program  may  be  recorded  and  retained  by  an 
educational  institution  for  45  consecutive  calendar  days 
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after  the  date  of  recording.  The  use  of  the  recording  for 
instructional  purposes  must  occur  during  the  first  10  days 
of  the  consecutive  period.  Incorporating  recorded  material 
into  a  multimedia  display  and  then  presenting  the  display 
during  the  described  10  day  period  would  clearly  fall 
within  the  fair  use  exception.  Incorporating  an  entire 
broadcast  into  a  multimedia  display  and  then  keeping  that 
product  past  the  45  day  limit  clearly  goes  beyond  what  is 
allowed  for  fair  use.  (McNally  &  Sutherland,  1986)  Uses 
falling  somewhere  between  these  two  extremes  pose  the 
more  difficult  problem.  The  courts  are  likely  to  go  back  to 
the  four  factors  described  earlier  to  evaluate  fair  use  in 
these  situations  on  a  case  by  case  basis.  Similar  concepts 
of  brevity,  spontaneity  and  cumulative  effect  wUl  evolve 
in  the  context  of  multimedia  presentations. 

The  fair  use  exceptions  described  above  aK)ly  only  to 
classroom  use.  If  protected  materials  are  incorporated  into 
a  multimedia  display  for  commercial  use,  to  sell  a  product 
or  to  create  a  performance  for  an  audience,  then  the  fair 
use  exemptions  would  not  J^ply .  Here  the  courts  balance 
in  favor  of  protecting  the  author*  s  interests  by  protecting 
the  author's  right  to  earn  a  financial  benefit  from  the 
work.  Permission  from  the  copyright  holder  would  have 
to  be  granted  to  use  the  protected  material  legally.  If 
protected  materials  are  incorporated  into  a  multimedia 
presentation  that  wUl  be  viewed  by  the  public,  a  lecture 
open  to  the  public  or  a  demonstration  at  a  commercial 
convention  then  again  the  use  of  p-otected  material  would 
not  fall  under  the  fair  use  exemption.  The  fair  use 
exception  as  it  applies  to  teaching  covers  the  individual 
teacher's  use  to  prepare  for  class  and  actual  teaching 
activities  in  the  appropriate  classroom  setting. 

"WhUe  the  bill  that  amended  the  Cq)yright  Act  to 
include  the  fair  use  doctrine  endcM-sed  the  purpose  and 

general  scope  of  the  judicial  doctrine  (there  was  no) 

disposition  to  freeze  the  doctrine  in  the  statute,  especially 
during  a  period  of  rapid  technological  change"  (MUls, 
1989).  This  suggests  that  the  fair  use  exemption  is  likely 
to  evolve  to  address  new  forms  of  communication  like 
multimedia  presentations.  New  definitions  of  brevity 
keyed  to  time  rather  than  number  of  words  are  likely  to 
develop.  Eventually  multimedia  display  exceptions  could 
be  carved  out  of  the  Copyright  Act  by  either  statutory 
amendment  or  court  decision.  Until  that  time,  the  guide- 
lines for  written,  visual,  and  audio  works  provide  the  best 
insight  as  to  what  kind  of  use  is  allowed  under  the  fair  use 
exception. 

liabilities  Incurred  Through  the  Improper  Use  of 
Protected  Materials 

Users  are  liable  for  infringement  caused  by  the 
improper  use  of  protected  materials,  whether  the  infringe- 
ment was  wUlful  or  unintentional.  The  law  provides  for 
two  types  of  actions  to  remedy  acts  of  infringement. 


Action  can  be  taken  against  the  infringing  work  itself  or 
against  the  author  of  the  infringing  work.  Section  503  of 
the  Copyright  Act  of  1976  (1976)  allows  the  court  to 
order,  **. . .  the  destruction  or  other  reasonable  disposition 
of  all  copies  or  phonorecords  found  to  have  been  made  or 
used  in  violation  of  the  copyright  owner*s  exclusive 

rights  Section  504  of  the  Act  allows  the  author  to 

sue  for  monetary  compensation  for  all  losses  sulBfered  as  a 
result  of  the  act  of  infringement.  The  author  can  sue  for 
actual  damages  and  any  additional  profits  of  the  infringer. 

If  the  amount  of  loss  is  difficult  to  determine,  the 
author  has  the  option  to  sue  for  statutory  damages. 
Statutory  damages  are  damages  established  by  law. 
Section  504(c)  of  the  Copyright  Act  of  1976  (1988)  states 
that  in  cases  of  innocent  infringement  the  author  can  sue 
for  amounts  not  less  than  $500,  but  not  in  excess  of 
$20,000.  If  the  author  can  show  that  the  infringement 
occurred  willfully,  then  the  author  can  sue  for  amounts  up 
to  $100,000.  If  the  author  is  successful  in  proving  an 
infringement  case,  then  the  court  may  also  award  court 
costs  and  attorneys'  fees  to  be  paid  by  the  infringer. 

It  is  extremely  important  that  teachers  creating 
multimedia  presentations  are  aware  of  the  rights  and 
liabilities  created  through  the  Copyright  Act.  Educators 
teach  by  example  as  well  as  through  lecture  and  class- 
room presentation.  Inappropriate  use  of  others'  materials 
in  the  classroom  sets  a  bad  precedent  for  students  and 
fellow  colleagues.  Often  times  individuals  are  likely  to 
believe  that  no  one  would  care  about  their  one  or  two 
small  incidents  of  infringement.  Catching  copyright 
infringers  may  not  be  a  national  priority  for  the  FBI,  but 
there  are  organizations  interested  in  policing  the  use  of 
intellectual  property.  The  Software  Publishers  Association 
maintains  a  copyright  hotline  where  violations  can  be 
reported  anonymously.  Reports  made  by  unhappy 
employees  or  disgrunUed  co-workers  can  also  be  the 
source  of  the  complaint  that  prompts  an  investigation. 
"Audiovisual,  music,  motion  picture,  and  software 
company  associations  use  either  staff  or  contracted 
investigators  to  check  out  suspicious  copyright  activities" 
(Talab,  1992). 

For  now  authors  and  users  of  multimedia  presenta- 
tions have  to  rely  on  i^-eviously  established  jninciples  of 
copyright  law  for  guidance  regarding  proper  uses  of 
protected  materials.  Congress  has  recognized  the  need  to 
address  these  issues  as  technology  changes.  •'Multimedia 
works  raise  questions  in  two  areas.  First,  what  type  of 
protection  should  Uiey  be  afforded-as  single  works  or  as 
collections  of  different  works  in  different  categories.  The 
second  deals  wiUi  the  incorporation  of  copyrighted  works 
in  a  mixed  media  work.  Guidelines  may  be  needed  to 
determine  what  rights  should  be  obtained,  for  example,  in 
determining  whether  a  multimedia  presentation  on  a 
personal  computer  constitutes  a  public  performance  or 
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merely  an  adaptation  of  the  music  or  drama  incorporated 
within"  (U.  S.  Congress,  House,  Office  of  Technology 
Assessment,  1992). 

Until  Congress  provides  more  specific  guidelines 
authors  and  users  of  multimedia  presentations  will  rely  on 
established  copyright  law  to  define  their  legal  rights  and 
potential  liabilities.  Improper  use  of  someone  else's 
property  regardless  of  the  fonn  or  substance  of  that 
property  is  not  allowed  under  the  law. 
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year  2000: 
How  to  get  a  head  start 
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Introduction 

F>r  many  teachers,  the  transition  from  traditional 
instruction  to  computer-supported  instruction  is 
not  easy.  Concerns  such  as,  where  do  I  find  the 
time  to  master  what  I  need  to  know  in  order  to  be  able  to 
use  a  computer,  why  should  I  change  the  way  Fm  doing 
things  now,  and  of  what  tangible  benefit  is  computer- 
based  instruction  to  me  as  a  teacher,  are  often  expressed  . 
in  lounges  and  hallways.  Wisniewski  and  Ducharme  add 
to  the  complexity  of  the  situaUon  by  observing  that  **Most 
professors  of  teaching  are  far  more  reactors  than  interven- 
ers in  the  educational  scene.  It  is  for  this  reason  that 
college  of  education  faculty  respond  very  slowly  to 
changing  conditions  in  the  schools  and  society/' 
(Wisniewski  and  Duchanne,  1989,  p.  160)  "Matters  of 
curriculum  and  teacher  education  are  closely  linked.  How 
the  computer  as  subject  will  be  taught  -  especially  now 
when  guidelines  are  absent  -  very  much  depends  on  what 
teachers  know  how  to  do  with  computers  and  the  different 
types  of  lessons  they  are  capable  of  organizing."  (Olson  & 
Eaton,  1986,  p.  6)  Hence,  the  use  of  computers  by  any 
teacher  is  a  function  of  his  or  her  perceived  need,  experi- 
ence, and  the  availability  of  suitable  hardware  and 
software.  The  purpose  of  this  paper  is  to  describe  the 
development  of  a  computer-supported  classioom  facility 
as  the  first  step  in  a  faculty  development  plan  and  to 
report  on  the  response  to  its  use  after  four  years  of 
operation. 

The  influx  of  microcomputers  into  our  K- 12  schools 
has  opened  up  many  opportunities  for  the  use  of  comput- 
ers to  enhance  learning  in  the  K- 12  setting  (Proctor, 
1990).  Like  many  colleges  of  education  on  other  cam- 
puses, the  University  of  Saskatchewan's  College  of 
Education  has  had  to  come  face  to  face  with  the  challenge 
of  helping  faculty  integrate  current  technology  into  then* 
academic  activities.  Given  the  on-going  changes  that  are 
occuring  in  school  systems,  the  process  of  integrating 
computers  into  instruction  is  essential  to  the  health  and 
well-being  of  any  good  undergraduate  pre-service  teacher 
education  program. 

As  has  been  demonstrated  in  many  other  settings,  the 
acquisition  of  newer  and  better  forms  of  hardware  and 
software  will  not  solve  the  "personware**  problem 
(Lombardi,  1983).  In  our  case,  the  Microcomputer 
Classroom  Project  Advisory  Committee  took  the  position 
that  computers  are  only  valuable  if  they  are  an  integral 
part  of  our  academic  pursuits.  Any  system  that  was 
difficult  to  use  or  unresponsive  to  user  needs  would  not 
meet  the  project  requirements. 

Assunnptions 

Three  assumptions  were  used  to  guide  the  develop- 
ment of  this  state-of-the-art  classroom.  The  first  assump- 
tion was  that  form  follows  function.  When  engaging  in 
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any  new  process,  it  is  impoitant  for  teacliers  to  be  able  to 
start  from  a  position  in  wliicli  they  feel  comfortable. 
Initially,  the  computer-supported  classroom  will  most 
likely  be  used  in  a  traditional  manner.  The  lecture  fonnat 
will  probably  be  the  most  predominant  mode  of  instruc- 
tion and  the  computers,  like  most  other  media,  will  be 
used  as  an  aid  to  instruction.  Therefore,  a  stand  alone 
teaching  station  which  resembles  a  conventional  lectern 
should  be  available.  The  instructor  should  have  easy 
access  to  presentation  software,  light  control,  sound 
control,  and  image  projection.  One  or  more  types  of 
computers  should  be  permanently  installed  on  the  lectern. 
Provision  should  also  be  made  to  update  the  hardware  and 
add  desirable  peripherals  as  they  become  available. 

The  second  assumption  was  that,  in  Elementary  and 
Secondary  School  settings,  computers  will  most  often 
likely  be  used  as  tools .  The  May,  1987  presentation  of 
Executive  of  the  Saskatchewan  Association  for  Comput- 
ers in  Education  made  to  the  Saskatchewan  Educational 
Policies  Committee  observed  that: "...  computer  ^plica- 
tions are  bectming  an  integral  part  of  each  curriculum 
area  at  all  levels  of  public  education.  We  recommend  that 
Computer  Science  and  Craiputer  Applications  courses  be 
separated  so  that  Computer  Science  can  maintain  and 
extend  its  academic  focus  while  Computer  Applications 
be  absorbed  by  other  disciplines.'*  Given  this  position, 
pre-service  teacher  education  faculty  will  need  to  be  able 
to  demonstrate  how  small  group  activities  can  share  time 
with  the  lecture  and  demonstration  approaches.  Therefore, 
it  was  decided  that  a  discussion  area  with  permanently 
available  audiovisual  equipment  would  be  essential 
components  of  the  classroom.  *The  teaching  methods 
most  likely  to  realize  these  objectives  are  permissive 
rather  than  autocratic  in  style.  Peraiissive  styles  include 
tutorials,  group  discussions,  role-playing,  case  studies, 
brain-storming  independent  study,  leaderless  groups  and 
sensitivity  training."  (Davies,  1971,  p.  84) 

The  third  assumption  'Mas  that  both  faculty  and 
preservice  teacher  education  students  may  eventually 
need  to  learn  how  to  design  and  develop  computer-based 
instruction.  To  support  this  type  of  activity,  connecticMi  to 
a  network  for  puiposes  of  uploading  and  downloading 
files  from  a  central  file  server,  accessing  large  outside  text 
and  graphic  databases,  and  an  internal/external  messaging 
systems  will  be  required.  For  example,  Morse  concluded 
in  his  ERIC  Digest  of  Computer  Uses  in  Secondary 
Science  Education  that:  "Science  education  of  the  future 
will  certainly  incorporate  computer  use — including 
wordprocessing,  many  forms  of  CAI,  laboratory  instru- 
mentation, interactive  video  courseware,  and  scientific 
database  searching— and  the  educational  process  will  be 
better  because  of  it."  (Morse,  1991,  p.  4) 


aossroom  Equipnnent 

In  the  spring  of  1988,  with  the  help  of  a  liberally 
discounted  equipment  purchase  plan  from  the  Digital 
Equipment  Ccwporation,  the  construction  of  a  computer- 
suppoited  classroom  was  completed  (See  Figure  1.).  To 
support  the  large  group  lecUire  approach  to  teaching,  a 
white  board,  lectem,  and  large  screen  video  projector 
were  installed  in  the  front  and  center  of  the  classroom.  A 
"one  button**  switch  panel  was  provided  to  direct  audio 
and  video  input  to  the  projector  from  computer,  video- 
tape, videodisc,  video  camera,  and  broadcast  sources.  A 
sound  system,  1/2  in.  videocassette  recorder  and  a 
videodisc  player  were  permanently  installed  in  an 
equipment  cabinet  located  in  a  small  area  in  one  front 
comer  of  the  room.  In  the  other  comer,  an  overhead 
projection  screen  was  installed.  Switches  to  control  direct 
and  indirea  lighting  systems  and  power  up  the  microcom- 
puters were  installed  within  easy  reach  of  the  podium. 
The  computer  on  the  lectem  was  equiped  with  a  hard  disk 
and  an  Ethernet  connection  so  that  it  can  be  used  on  a 
stand-alone  basis  and/or  connected  to  a  central  file  server. 
In  the  event  that  trouble  develops  with  equipment  as  it  is 
being  used,  a  telephone  was  provided  to  support  the  rapid 
communication  of  the  problem  with  the  building  com- 
puter consultant  and  the  campus  computer  applications 
support  group. 

To  facilitate  the  use  and  demonstration  of  small  group 
teaching  methods,  discussion  areas  or  •*pods"  were 
incorporated  intothe  classroom  design.  Each  pod  was 
designed  to  hold  up  to  8  students  and  was  equiped  with 
several  networked  microcomputers,  a  large  table,  a  self- 
contained  tv/videotape  playback  unit,  an  overhead 
projector,  projection  surface  and  a  white  board.  Light 
control,  independent  of  the  main  lighting  systems  was 
also  provided  so  that  different  small  group  activities  could 
take  place  in  the  room  without  one  group  interfering  with 
the  on-going  activities  of  another  group. 

For  those  faculty  members  who  may  wish  to  explore 
the  use  of  individualized  methods  of  computer-based 
instruction,  each  microcomputer  can  be  used  on  either  a 
stand-alone  basis  or  connected  to  a  central  file  server 
Class  accounts  can  be  set  up  to  provide  the  instructor  and 
each  class  member  with  access  to  centrally  stored  CAI 
teaching  materials,  e-mail  and  Intemet.  With  this  system, 
each  student  has  full  access  to  locally  available  resources 
and  can  communicate  with  and  acquire  resources  from 
any  host  system  in  the  world.  While  the  current  user/ 
computer  interface  is  not  all  that  user-friendly,  as  Judi 
Harris  commented  during  her  STATE  '92  woikshop  on 
Mining  Intemet  for  Teacher  Education  Resources 
Treasures,  "for  pioneers,  the  terrain  is  often  a  little  bit 
rougher". 
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Foculty  Response 

There  are  currently  73  full  time  faculty  members  in 
the  College  of  Education.  A  review  of  the  timetable  for 
this  classroom  has  shown  that  over  the  last  four  years  the 
number  of  faculty  members  that  have  made  extensive  use 
of  the  computer-suHK)rted  classroom  has  increased  from 
3  to  14.  For  the  current  academic  year,  this  means  that  a 
total  of  11  regularly  scheduled  courses  have  been  booked 
into  this  classroom.  In  addition  to  regular  courses, 
between  10  and  20  bookings  per  month  for  non-scheduled 
time  slots  have  been  made  by  other  faculty  members  or 
campus  personnel  to  demonstrate  how  they  have  been 
able  integrate  computers  into  their  field  of  instiuction. 

The  majority  of  the  faculty  who  have  used  this 
classroom  like  its  layout  and  function,  although  some 
faculty  have  had  trouble  adjusting  room  hght  levels. 
Although  the  "one  switch"  system  for  routmg  video 
sources  is  helpful,  they  find  that  having  to  use  a  remote 
control  keypad  for  resetting  the  source  and  input  presets 
on  the  video  projector  can  be  confusing.  We  still  neea  to 
work  on  reducing  the  complexity  of  equipment  control 
functions.  Also,  the  character  size  for  menus  and  system 
messages  projected  on  tiie  screen  is  also  a  bit  small.  Some 
students  have  difficulty  reading  the  screen  from  tiie  back 
to  the  room.  Being  able  to  adjust  the  display  size  of  the 
text  characters  would  be  helpful.  For  the  most  part,  the 
Ethernet  network  has  been  reliable.  However,  when  it  is 
down  for  maintenance,  or  crashes  because  of  a  power  or 
equipment  failure,  virtually  all  classroom  activity  comes 
to  a  halt.  Each  faculty  member  needs  to  have  a  contin- 
gency plan  available  for  use  in  \he  event  of  equipment 
failure  or  malfunction. 

Student  Comments 

Student  response  to  courses  being  delivered  in  this 
facility  have  mainly  been  positive.  Except  for  having  to 
turn  around  to  look  at  Uie  front  screen  when  they  sit  at  a 
computer  with  Uieir  backs  toward  the  front  screen,  they 
like  the  layout  of  the  room.  Having  to  turn  around  to  see 
what  the  mstructor  is  doing  is  awkward.  Second,  some 
students  do  not  like  the  indirect  lighting  system.  This  is 
unfortunate,  but  there  is  always  a  trade-off  between 
keepmg  glare  off  the  projection  and  cOTiputer  screens  and 
having  a  nwmal  level  of  room  light.  Pot  lights  in  the 
discussion  areas  help,  but  do  not  seem  to  be  tiie  total 
answer.  Being  able  to  engage  in  small  group  discussion  0/ 
to  consult  with  each  otiier  about  a  computer  problem  or 
subject  matter  problem  was  seen  as  helpful.  The  follow- 
ing comments  by  students  are  representative  of  stiident 
responses  that  have  been  collected  over  tiie  last  fovt 
years. 

I  like  this  classroom  because  I  believe  computers  make 
it  easier  and  more  enjoyable  for  students,  especially  if 


you  are  writing  a  lot.  I  do  not  like  to  have  to  turn 
around  to  look  at  ibc  whiteboard.  I  like  the  way  the 
classroom  is  set  up  so  tiiat  when  we  are  in  small 
groups  we  can  discuss  and  share  ideas. 

Upon  fu^t  entering  Uiis  room,  I  found  Uie  constant 
presence  of  computers  to  be  intimidating.  However, 
Fve  now  learned  a  lot  about  computfirs  and  I  am 
actually  starting  to  feel  computer  competent.  I  love  the 
chairs.  They  are  very  comfortable  aad  mobile. 

Prior  to  tills  class,  I  considered  myself  to  be  com- 
pletely and  totally  computer  illiterate.  Now  I  even  find 
myself  coming  in  here  in  my  spare  time  to  send  E-mail 
messages  to  friends  in  my  class.  I  enjoy  taking  notes 
on  tiie  computer  and  I  tiiink  tiiat  tiiis  would  be  a  great 
way  for  ttie  future  classroom  to  be.  The  only  problem  I 
have  witii  Uiis  classroom  is  tiie  lighting.  I  really,  really 
dislike  tiie  Hghting  -  it  is  way  too  dark  in  here.  I  am  tiie 
kind  of  person  who  likes  it  to  be  really  light,  especially 
when  I  am  staring  at  a  saeen  for  any  length  of  time.  I 
hate  watching  TV  in  tiie  dark  (which  has  forced  people 
to  ridicule  me  when  watching  horror  movies).  I  also 
have  a  problem  wiUi  seeing  the  professor  as  my  back 
is  to  him.  I  find  tiiat  if  we  are  being  shown  sometiiing 
on  the  computer  I  have  to  keep  turning  around. 

The  lack  of  leg  room  under  tiie  computer  tables  makes 
it  uncomfortable.  But,  the  controlled  lighting  and  non- 
distracting  decor  is  very  easy  to  work  in. 

Some  positive  aspects  include  tiie  color  of  the  tables, 
and  special  tables  for  computer  or  non-computer  work. 
The  negative  aspects  of  tiie  room  would  be  Uie  use  of 
white  for  the  walls. 

I  like  working  witii  the  computers.  However,  some- 
times it  seems  we  use  tiie  computers  just  because  they 
are  here  when  a  more  conventioiial  route  would  seem 
more  appropriate. 

Individual  overhead  projectors,  and  computer  print- 
outs are  also  an  asset. 

I,  as  a  smdent,  am  interacting  quite  a  lot  wiUi  tiie 
person  next  to  me  when  I  have  a  question  or  problem. 
Altiiough  tiiis  might  be  seen  as  a  problem  by  tiie 
teacher,  I  find  it  constructive.  Using  tiie  computers 
tiiemselves  allows  me  to  interact  in  an  interesting  way. 
I  enjoy  typing  and  moving  the  text  and  "interacting'' 
witii  tiie  computer,  ratiier  tiian  simply  writing  on  a 
piece  of  paper.  For  lack  of  a  better  word,  it  is  stimulat- 
ing. 


246  Technology  and  Teacher  Education  Annual  —  1993 

ERIC 


Figure  1.  Floor  Plan  for  Teacher-Centered,  Computer-Supported  Classroom. 
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The  construct  allows  for  teacher-directed  as  well  as 
independent  learning.  The  computer  screen  acts  as  a 
window  to  outside  learning.  While  I  am  a  firm 
disbeliever  of  classrooms  with  "walls",  at  least  the 
computer  allows  the  student  to  escape  some  of  the 
necessary  structure.  In  the  case  of  Ed.  1037,  there  is 
quite  a  bit  of  room  for  innovation  and  application  in 
the  learning  process. 

I  like  the  way  this  classroom  is  set  up  in  stations  with  a 
whiteboard  and  an  overhead  projector  saeen  at  each 
station.  I  found  that  this  is  quite  conducive  to  group 
work  and  the  stations  are  in  good  positions  so  that 
everyone  is  able  to  see.  Also  I  find  that  I  rely  on  the 
knowledge  of  the  people  in  my  station.  So  we  learn 
together. 

I  like  the  computer  terminals  which  allow  the  student 
to  become  acquainted  with  a  computf  /  with  a  teacher 
present  The  lighting  is  a  great  added  touch  to  aid  in 
seeing  the  amputer  screen  and  low  lighting  also  has  a 
calming  effect  The  individuality  that  is  pranoted  with 
separate  canputers.  I  dislike  the  noisy  disturbance  that 
♦h^  computer  creates  over  the  voice  of  the  instructor. 
After  thought:  I  really  like  the  padded,  roily,  flexible 
chairs! 

I  dislike  the  lighting,  the  way  the  computer  clusters 
encourage  cliques,  no  central  place  for  the  teacher. 

Conclusions 

The  goal  of  this  project  was  to  help  faculty  develop 
pedagogical  strategies  in  which  teacher-student  and 
student-student  interactions  are  promoted  through  the  use 
of  the  technology.  Faculty  members  should  be  able  to 
model  and  integrate  hands-on  computer  access  into  their 
classes  in  the  same  way  that  good  teachers  weave  video 
clips,  calculators,  reference  materials  and  activity  centers 
into  their  courses.  The  potential  of  the  computer  as  a 
simulator,  example  generator,  information  processor  and 
data  processor  fit  well  with  many  of  the  requirements  of 
teacher-based  instruction. 

For  our  faculty,  the  transition  from  traditional  instruc- 
tion to  computer-supported  instruction  has  been  and  will 
continue  to  be  a  gradual  process.  Some  early  adopters 
have  embraced  the  technology  and  have  done  what  ever 
was  necessary  to  get  their  systems  up  and  running  as  soon 
as  possible.  Others  have  not  been  so  easily  persuaded  and 
have  chosen  to  wait  a  while  to  see  how  things  work  out. 
The  purchase  of  personal  microcomputers  is  still  expen- 
sive and  a  lot  of  work  has  to  be  put  into  developing  or 
redeveloping  course  materials.  They  want  to  see  what  the 
payoff  will  be  on  the  other  side.  Finally,  some  faculty 
have  decided  that  they  are  not  prepared  to  make  the 


change,  or  they  have  deemed  that  the  use  of  computers  in 
their  field  is  not  appropriate.  However,  given  the  current 
limitations  of  tune,  budget,  and  primitive  user  interfaces, 
faculty  are  moving  in  the  direction  of  integratmg  com- 
puter technology  into  their  courses,  and  their  students  are 
receptive  to  the  changes  being  made.  The  teacher- 
centered,  compiitef-supported  classroom  has  been  an 
important  catalyst  m  the  adoption  process. 
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ABC'S  of  designing  and 
developing  a  media 
production  laboratory  for 
education  majors 

Judy  Lee 

Southeastern  Louisiana  University 


introduction 

Education  majors  that  are  preparing  to  enter  the 
teaching  profession  need  to  become  familiar  with 
the  large  assortment  of  media,  both  hardware  and 
software,  that  will  be  available  for  them  to  use  in  their 
classrooms.  They  also  need  to  understand  the  role  that 
media  play  in  the  learning  process  and  the  importance  of 
appropriate  applications  of  media  in  a  learning  situation. 
Teacher  education  will  not  be  complete  unless  resources, 
equipment,  software,  and  facilities  are  available  for 
student  use  and  training. 

Design,  D0v«lopmant  end  Implementation:  lha 
Media  Production  Laboratory  Then  And  

The  College  of  Education  at  Southeastern  Louisiana 
University  in  Hammond,  Louisiana  recognized  these 
needs  and  decided  to  take  steps  to  ensure  that  their  future 
teachers  would  be  prepared  to  meet  the  technology 
challenge.  The  decision  was  made  to  design  and  develop  a 
Media  Production  Laboratory  (MPL)  to  be  used  by 
education  students  entolled  in  methods  and  educational 
media  classes,  the  College  of  Education  faculty,  and  the 
Laboratory  School  faculty.  A  committee  was  formed  and 
work  began  on  tiie  project.  Start-up  funds  came  from  a 
Department  of  Education  grant  and  Louisiana  bond 
money. 

The  philosophy  of  the  Media  Production  Laboratory 
was  dual  in  purpose:  1 .  To  expose  perspective  teachers  to 
multimedia  teaching  methods;  and,  2.  To  teadi  a  variety 
of  production  skills  needed  to  enhance  these  multimedia 
teaching  methods.  Multimedia  was  defined  as  "teaching 
with  a  variety  of  media"  as  well  as  the  cuirent  **multime- 
dia  computerized  concept." 

The  purpose  of  the  Media  Production  Laboratory  was 
to  provide: 

1.  resources,  materials,  supplies  and  equipment  for 
college  students  enrolled  in  educational  metiiods  and 
educational  media  classes 

2.  a  non  classroom  environment  in  which  to  introduce 
and  tn^An  college  students  in  the  uses  and  applications 
of  educational  media 

3.  a  range  of  equipment  from  the  basic  to  tiie  high  tech  to 
be  used  in  developing  mediated  instruction 

4.  opportunities  for  faculty  to  teach  teachers  through 
interactive  technology  ways  to  use  and  integrate 
technology  into  their  student  teaching  experiences 

5.  opportunities  for  faculty  to  develop  multimedia 
presentations  for  lectures,  conference  presentations, 
seminars  and  workshops. 

A  needs  assessment  was  developed  and  distributed  to 
the  entire  faculty  and  to  a  sampling  of  the  students.  The 
data  was  used  to  determine  the  equipment,  materials, 
supplies,  and  resources  that  would  be  purchased  for  the 
Media  Production  Laboratory. 
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The  designated  room  was  centrally  located  to  both 
students  and  faculty  and  required  mimmal  alterations. 
Electrical  strips  were  added  throughout  the  room  and  a 
telephone  and  security  system  was  installed.  A  large, 
portable  storage  cabinet  with  shelves,  drawers  and  closet 
space  was  designed  and  built.  Spacious  tables  were 
arranged  to  allow  space  for  production  and  to  make 
equipment  available.  The  room  was  decorated  with 
aK)ropriate  signs,  posters  and  bulletin  board  displays. 

The  Media  Production  Laboratory  opened  during  the 
summer  session,  1991  with  a  pUot  group  of  thirty-two 
education  methods  students.  Additional  classes,  as  well  as 
the  College  of  Education  and  Laboratory  School  faculties, 
weie  added  each  semester  with  full  participation  expected 
by  Fall,  1992.  A  graduate  assistant  was  assigned  to  woik 
in  the  MPL  for  twenty  hours  a  week.  To  ensure  that 
students  and  faculty  using  the  MPL  were  adequately 
trained  and  instructed,  non  graded  workshops  were 
periodically  offered  by  the  graduate  assistant.  These 
workshops  provided  instniction  on  operating  equipment, 
production  techniques,  and  MPL  procedures.  The 
graduate  assistant  was  also  responsible  for  collecting  a 
nominal  fee  for  some  items  such  as  poster  board,  laminat- 
ing film  and  construction  paper.  The  money  collected 
from  the  sale  of  these  materials  was  used  to  buy  addi- 
tional materials  and  supplies  for  the  Media  Production 
Lab(Matory. 

The  equipment  purchased  for  the  Media  Production 
Laboratory  reflects  technology  from  the  very  basic  to  the 
very  scphisticated.  This  range  of  equipment  allows 
students  and  faculty  to  produce  a  variety  of  mediated 
instructional  materials  and  software.  Also,  students  have 
the  opportunity  for  hands-on  experiences  with  the  variety 
of  technology  often  found  in  public  schools.  Equipment 
was  made  available  to  the  faculty  and  students  in  a  three 
phase  plan  (Kemp,  1989). 

Phase  1:  Mechanical  Level:  Preparation 
This  level  of  production  is  concerned  with  the 

techniques  of 

preparation.  The  following  equipment  is  available: 

cutting  board,  laminating  machine,  dry  mount  press,  book 

binding  machine.  Elision  Lettering  Machine. 

Phase  2:  Creative  Level:  Production 

This  level  of  production  requires  more  planning  and 
decision  making.  Equipment  available  is  as  follows:  audio 
studio,  video  editing  equipment,  slide/tape  programming 
equipment,  copystand. 

Phase  3:  Design  Level:  Conception 

This  level  of  production  is  co^cemed  with  media  that 
will  be  integrated      ?.  learning  activity.  The  following 
equipment  is  available:  Macintosh  llsi  computer,  laserdisc 


player,  CD-ROM  player,  scanner,  black  and  white  and 
color  printers,  LCD  panel. 

These  three  phases  represent  an  effort  to  provide 
students  and  faculty  the  resources  to  plan,  design  and 
develop  interactive  learning  materials. 

Tho  M0dia  Proc  jction  Laboratory  Now... 

The  Media  Production  Laboratory  has  proven  to  be 
successful  in  a  number  of  ways.  Students  using  the  MPL 
to  produce  resources  for  their  student  teaching  experi- 
ences save  a  considerable  sum  of  money  and  time.  The 
number  of  students  and  faculty  using  the  MPL  has 
increased  to  the  point  that  additional  personnel  and  a 
larger  facility  are  being  considered.  Funds  generated  in 
the  MPL  are  sufficient  to  maintain  the  lab.  The  non- 
classroom  environment  in  which  students  become  familiar 
with  technology  and  production  techniques  encourages 
peer  teaching,  development  of  individual  learning  styles, 
and  group  cooperation.  Also,  the  intimidation  often 
experienced  by  adults  regarding  technology  is  reduced  by 
the  interaction  among  students  and  by  the  interaction 
between  students  and  equipment  in  a  non-threatening 
environment.  Several  classroom  demonstrations  have 
been  conducted  to  help  familiarize  the  students  with 
production  techniques  and  new  equipment. 

Faculty  members  are  beginning  to  design,  develop, 
and  produce  educational  media  to  enhance  their  lectures 
and  presentations.  The  graduate  assistant  is  available  for 
the  faculty  to  offer  assistance  regarding  design  and  layout 
techniques,  operation  of  equipment,  and  production  skills. 
Also,  faculty  development  workshops  are  held  periodi- 
cally. Several  faculty  members  are  incorporating  multi- 
media programs  into  their  lectures. 
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Choosing  computer 
hardware  for  instruction: 
Aslcing  the  right  questions 

Shirley  Gartmann 
University  of  Wisconsin  at 
Whitewater 


In  the  past,  school  personnel  who  were  responsible  for 
making  decisions  regarding  district  computer 
purchases  were  advised  first  to  identify  the  software 
that  they  expected  to  use  and  then  to  make  hardware 
choices.  Although  intended  software  use  still  plays  a  role 
in  hardware  selection,  it  is  no  longer  the  most  critical 
component  With  improvements  in  processor  speed, 
graphics,  networking  capability  and  more  sophisticated 
software,  hardware  considerations  have  become  equally 
important.  As  schools  implement  site-based  management, 
more  teachers  will  be  asked  to  provide  input  on  decisions 
which  will  affect  their  teaching  environment  They  need 
to  be  able  to  make  informed  decisions.  The  purpose  of 
this  article  is  to  present  information  on  how  compute 
hardware  options  can  affect  instructional  delivery. 

Prior  to  any  discussion  of  hardware  cations,  a  thor- 
ough understanding  of  how  the  computers  will  be  used  in 
the  instructional  setting  is  necessary.  The  answers  to  the 
questions  below  will  give  a  good  basis  for  niaking 
informed  decisions. 


1)  How  will  the  computers  be  used  in  instruction?  (i.e.,  in 
a  writing  lab,  to  run  software,  to  teach  programming, 
etc.) 

2)  Will  the  computers  be  used  by  elementary,  middle  or 
high  school  students? 

3)  Will  the  computers  be  used  by  one  student  or  several 
students  during  the  day? 

4)  Will  the  students  need  to  share  files?  programs? 

To  begin,  it  should  be  stated  that  all  computer  systems 
are  not  created  equal.  As  more  hardware  add-ons  appear 
in  the  educational  market,  it  is  important  to  have  ma- 
chines which  allow  for  expansion. 

The  way  in  which  the  machine  is  to  be  used  must  also 
be  taken  into  consideration.  For  instance,  some  machines 
by  nature  of  their  hardware  configuration  work  best  as  a 
stand-alone  machine  while  others  work  well  in  a  network 
situation.  Some  computers  connect  more  easily  to 
peripherals  (modems,  printers,  CD-ROM  drives,  video- 
disc players,  etc.)  than  others.  Before  making  hardware 
choices  that  will  affect  a  school's  educational  program  for 
5-10  years,  some  homework  must  be  done.  Suggestions 
are  given  below  for  questions  that  should  be  asked  prior 
to  making  a  purchase. 

Getting  Information 

One  of  the  most  important  issues  is  the  role  that  the 
vendor  should  play  in  the  selection  process.  Obviously 
they  are  an  important  source  of  information  concerning 
product  availability  and  cost  However,  do  not  depend 
upon  the  vendor  or  salesman  to  give  you  the  all  the 
information  on  a  system.  They  have  a  vested  interest  in 
their  product  and  will  probably  not  tell  you  about 
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potential  problems  you  might  encounter  or  the  limitations 
of  the  system.  In  a  recent  conversation,  a  district  com- 
puter coordinator  was  describing  how  the  vendor  had 
assured  him  that  high  resolution  graphics  could  be  used. 
Unfortunately,  this  was  not  true  and  the  computer 
coordinator  ended  up  with  a  syst^  that  would  not  run 
several  software  programs  he  expected  to  use  in  his 
classes.  It  is,  therefore,  important  to  find  some  objective 
information  sources.  Since  the  options  in  the  computer 
hardware  market  expand  so  rapidly  that  it  is  essential  that 
a  person  be  continually  updating  and  revising  their 
knowledge  base,  it  is  probably  best  to  find  a  consultant 
who  can  provide  this  type  of  information.  Spending 
$1000  for  consultant  services  at  the  beginning  of  a  district 
computer  implementation  might  save  years  of  expense 
and  frustration. 

It  might  also  be  appropriate  to  check  with  nearby 
districts  to  find  out  what  their  experiences  have  been  with 
certain  vendors  and  equipanent  and  why  they  chose  a 
particular  system.  State  departments  of  education  usually 
have  some  guidelines  or  a  resource  person  who  could 
provide  help  or  direct  you  to  other  information  sources. 

Most  importantly,  keep  an  open  mind.  Just  because 
you  have  used  a  particular  system  for  several  years  does 
not  mean  that  you  have  to  stay  with  that  system.  There 
are  many  translation  possibilities  which  would  allow 
software  from  different  hardware  configurations  to  run  on 
another  system.  Also,  it  is  important  to  remember  that  the 
computer  you  have  for  personal  use  is  not  necessarily  the 
best  choice  for  your  district  or  for  different  age/grade 
levels  Of  all  software  applications. 

When  getting  information  about  computer  hardware, 
knowing  the  terminology  that  is  used  to  describe  and 
identify  different  components  is  absolutely  essential.  Ask 
questions  about  any  words  you  don't  understand.  If  you 
don't  understand  what  is  being  discussed,  you  cannot 
make  an  informed  decision.  Also,  remember  that  words 
may  be  used  in  different  ways.  For  instance,  it  is  not 
enough  to  know  that  a  system  operates  on  a  network. 
There  are  several  kinds  of  networks  which  function  in 
very  different  ways  (i.e.  peer  to  peer,  printer  sharing 
networks,  or  client  server). 

Hardware  options 

The  effect  of  hardware  on  the  instructional  suitability 
of  a  particular  computer  system  is  another  topic  which 
needs  to  be  explored  thoroughly.  Hardware  cations  such 
as  processor  speed,  graphics  dii^  .ly,  RAM  configura- 
tions, hard  drive  options,  ports  for  peripheral  uses,  and 
networking  capability  can  have  a  significant  impact  on  the 
usefulness  of  a  system  in  an  instructional  environment. 
Some  questions  which  should  be  asked  are: 

1)  How  might  different  hardware  systems  affect  the 


operation  and  selection  of  desirable  software  pack- 
ages? 

2)  Does  the  hardware  have  expansion  capabilities? 

Perhaps  the  most  important  options  involve  processing 
speed  and  memory  (RAM).  A  faster  processing  speed 
means  that  the  program  will  run  faster  and  the  students 
will  be  able  to  use  that  extra  time  fcM-  instruction.  In 
addition,  as  new  software  packages  are  introduced,  they 
invariably  take  advantage  of  the  faster  processing  speed. 

Also,  new  software  packages  often  increase  the  need 
for  more  RAM  memory.  Having  the  ability  to  expand 
RAM  memory  means  that  your  machines  will  hopefully 
be  usable  for  a  longer  period  of  time. 

Processor  speed 

Each  generation  of  microprocessors  represents  a 
significant  step  in  sheer  processing  pow^  over  the 
previous  generation.  The  generation  places  an  upper  limit 
on  the  size  and  sophistication  of  the  programs  that  can  be 
run  with  each  processor.  Which  generation  is  usable 
depends  on  the  application.  For  straight  word  processing 
applications  even  a  first  generation  CPU  is  acceptable. 
For  desktop  publishing  or  multimedia,  a  third  or  fourth 
generation  CPU  is  needed.  It  appears  that  more  and  more 
educational  software  needs  at  least  a  second  generation 
CPU  to  run  well.  High  end  software  demands  at  least  a 
third  generation  chip  and  the  movement  is  toward 
requiring  a  fourth  generation  chip  for  many  applications. 

The  impact  of  processor  speed  on  the  instructional 
setting  is  that  it  affects  how  fast  a  program  will  load  and 
run.  Slow  running  will  waste  instructional  time.  The 
questions  that  need  to  be  asked  are:  "Is  the  processor  a 
third  or  fourth  generation  chip?  If  not,  will  you  only  be 
running  simple  applications  like  word  processing?"  and 
"Is  the  processor  running  at  least  16  MHZ?"  This  is 
probably  the  minimum  speed  to  consider  at  present. 
Looking  toward  the  future,  16  MHZ  will  probably  not  be 
sufficient  to  run  multimedia  applications.  Multimedia 
applications  run  significantly  faster  on  25-33  MHZ 
machines  or  even  faster  on  a  fourth  generation  machine 
(486  processor)  running  at  25  MHZ  or  better. 

Random  access  nnerTK>ry  (RAM) 

The  amount  of  random  access  memory  (RAM) 
determines  how  large  a  program  will  run.  There  are 
thousands  of  excellent  programs  which  will  run  with  one 
MB  (one  million  bytes)  or  less  of  RAM  memory.  How- 
ever, newer  programs  demand  more  and  more  memory. 
For  example,  desktop  publishing  and  multimedia  applica- 
tions require  more  memory.  Windows  (IBM  compatible) 
and  System  7  (Macintosh)  require  a  minimum  of  at  least 
four  MB. 

The  question  here  is  "How  much  RAM  memory  docs 
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Table  1 


A  Comparison  of  CPU  Generation  and  Speed 

Intel  (IBM  Compatible) 

Motorola  (Macintosh) 

Generation 

Processor 

Speed 

Processor 

first 

8086 

8  MHZ 

68000 

second 

80286 

8-16  MHZ 

68020 

third 

80386 

16-33  MHZ 

68030 

fourth 

80486 

20-66  MHZ 

68040 

the  computer  have — ^will  this  be  enough  to  run  the  desired 
applications?**  Consult  software  documentation  to  see 
how  much  memory  will  be  necessary  to  run  the  program. 

Some  systems  appear  inexpensive  because  they  come 
installed  with  minimum  RAM.  More  memory  must  be 
added  immediately  to  do  anything  useful.  The  cost  of  the 
inexpensive  system,  of  course,  then  increases. 

Exponsion  capability 

Since  computer  systems  change  approximately  every 
two  years  (or  sometimes  even  more  often),  it  is  important 
to  choose  a  system  that  allows  for  memory  expansion, 
additional  disk  drives,  and  has  enough  expansion  slots  to 
add  a  O^-ROM,  videodisc  player,  or  other  optional 
features  in  the  future.  This  is  particularly  important  if  you 
foresee  a  movement  to  hypermedia  applications.  You 
may  want  to  ask  the  following  question,  "Will  I  want  to 
connect  a  CD-ROM,  network  card,  MIDI  card,  video 
cards,  etc.  in  the  future?*' 

Once  you  have  determined  if  you  want  to  connect 
additional  peripherals,  then  ask,  **What  will  it  cost?"  and 
"How  many  and  what  kind  of  slots  (8, 16,  or  32  bits)  are 
available?" 

Hard  disk  drives 

Another  important  consideration  is  whether  or  not  to 
equip  each  computer  with  its  own  hard  disk  drive.  This 
appears  to  be  a  trend  and  it  may  soon  be  difficult  to  buy  a 
computer  without  a  hard  drive.  Hard  drives  work  well 
when  used  by  a  smgle  person.  However,  in  a  school 
setting,  the  hard  drive  is  used  by  many  different  people. 
It  is  possible  for  one  person  to  erase  another  person's 
work  or  to  erase  or  alter  the  programs  on  the  hard  drive. 
If  it  is  one  computer  in  a  classroom,  then  it  is  probably 
easy  to  monitor  activity  at  the  computer.  Careful  moni- 
toring in  a  large  lab  with  different  classes  throughout  the 


day  is  not  an  easy  task. 

In  a  lab  setting,  software  would  have  to  be  installed 
and  maintained  on  every  individual  machine.  In  addition, 
a  hard  disk  security  program  would  have  to  be  mstalled 
for  each  computer  to  prevent  erasure  of  programs  or  files. 
Some  programs  automatically  save  information  on  the 
hard  drive  as  the  programs  are  run  so  that  the  security 
program  would  have  to  be  set  up  to  allow  writing  to  the 
hard  drive  under  certain  conditions.  The  security  program 
then  has  to  be  disabled  (via  password)  to  allow  arwther 
program  to  be  installed.  This  procedure — disable  the 
security  program,  install  the  new  software,  reconfigure 
the  security,  and  reenable  the  security  program — is  a  time 
consuming  process. 

Peripherals  and  interfaces 

Peripherals  such  as  printers,  speech  adaptors,  video 
disk  players,  and  CD-ROMS  are  all  important  compo- 
nents of  a  computer  system.  The  appearance  of  a  number 
of  CD-ROMS  with  excellent  possibilities  for  educational 
use  during  the  past  six  months  has  greatly  increased  their 
attractiveness.  There  are  a  number  of  excellent  reference 
sources  (Comptons*  Multimedia  Encyclopedia, 
MacMillan's  Dictionary  for  ChOdren,  or  the  American 
Heritage  Dictionary)  which  are  available  in  a  multimedia 
format  which  will  actually  pronounce  a  word  or  read  an 
article  out  loud  for  a  student.  Having  the  proper  inter- 
faces, CPU,  and  memory  can  facilitate  their  use. 

Video  display 

The  quality  of  the  video  image  is  determined  by  two 
principle  factors.  The  first  is  resolution  which  is  deter- 
mined by  how  many  pixels  (dots)  make  up  the  screen. 
Resolution  is  usually  stated  in  the  form  #  of  pixels  wide  X 
#  of  pixels  high.  A  resolution  of  320  X  320  is  considered 
low  resolution  while  640  X  480  is  medium  and  1024  X 


Choosing  computer  hardwore  for  Instruction:  Asking  the  right  questions  253 


768  is  high. 

Note  that  scnnetimes  a  lower  resolution  may  be 
appropriate.  This  means  that  the  dots  on  the  saeen  are 
bigger.  This  makes  the  symbols  larger,  which  may  be 
easier  for  young  children  to  read. 

The  second  factor  is  how  many  colors  can  be  dis- 
played simultaneously.  The  more  colors  that  can  be 
displayed,  the  more  realistic  the  image  wUl  be.  ChUdren 
tend  to  like  colorful  displays.  A  two  color  black/white 
display  may  not  be  very  interesting.  A  four  color  unage  is 
very  crude  while  a  sixteen  color  display  is  acceptable  for 
many  £q[)plications.  However,  a  two  hundred  and  fifty  sbc 
color  display  is  very  realistic.  For  special  ^^plications 
such  as  showing  art  works,  a  monitor  capable  of  display- 
ing a  million  or  more  colors  may  be  necessary. 

Some  questions  to  ask  about  video  displays  are 
"What  is  the  maximum  resolution  available  on  a  video 
display  you  are  considering?''  and  "How  many  colors  can 
be  displayed  at  one  time?" 

User  friendliness 

Ease  of  use  is  an  important  issue  for  many  teachers 
and  students.  It  helps  the  user  to  feel  comfortable  with 
the  machine  and  gives  them  a  feeling  of  accomplishment 
very  quickly.  This  is  accomplished  with  somt  kind  of 
friendly  interface  (icons  or  menus).  However,  as  users 
increase  their  proficiency,  ease  of  use  may  become  a 
hindrance.  For  instance,  the  original  Macintosh  did  not 
have  cursor  keys — everything  was  done  with  a  mouse. 
For  individuals  who  were  not  good  typists,  this  was  not  a 
problem,  but  other  individuals  found  that  it  slowed  them 
down. 

Networks:  the  issue  ot  ccrnectivity 

Networks  are  becoming  common  in  school  environ- 
ments. These  questions  should  be  asked  to  determine  the 
features  supported  by  particular  system: 

1)  At  what  speed  does  the  network  transfer  information 
(measured  in  million  bits  per  second  (Mbs))?. 

2)  Is  the  network  server-based  or  is  it  peer-to-peer? 

3)  Is  there  a  management  system  (i.e.  can  a  teacher  get 
progress  reports  on  what  his/her  students  have 
accomplished  during  a  particular  time  period)? 

4)  Can  non-network  versions  of  software  be  installed? 
Can  the  number  of  simultaneous  users  of  a  program  be 
limited? 

5)  Is  it  possible  to  broadcast  information  to  all  worksta- 
tions simultaneously? 

6)  Would  it  be  desirable  to  be  able  to  send  information  or 
programs  to  other  locations  in  a  building? 

7)  Can  the  workstations  be  set  up  to  remote  boot? 

If  the  network  is  to  be  used  primarily  for  sharing  a 


printer,  then  a  very  slow  speed  (.2  Mbs)  will  be  sufficient. 
If  files  and  programs  are  to  be  shared,  then  at  least  2  Mbs 
are  requu:ed.  Sharing  large  files  (especially  graphics 
images  and  programs)  will  require  at  least  10  Mbs.  Slow 
networks  mean  that  programs  will  usually  have  to  be  run 
from  individual  hard  drives.  If  there  is  no  individual  hard 
drive,  then  a  slow  network  may  mean  waiting  several 
minutes  for  a  program  to  load. 

In  a  server-based  network,  all  shared  programs  and 
files  are  maintained  on  a  central  file  server.  This  makes 
the  network  totally  dependent  on  the  server,  but  it 
centrahzes  administration.  Only  one  hard  drive  has  to  be 
maintained.  InstaiUng  programs,  setting  up  user  access 
and  security  only  has  to  be  done  once  for  an  entire  lab. 

In  a  peer-to-peer  network,  there  is  no  dedicated 
server— any  machine  can  share  the  files  or  programs  on 
its  hard  drive  with  any  other  machine.  The  problem  is 
that  the  decision  as  to  whi(*  files  to  share  (and  can  these 
files  be  copied,  changed,  deleted,  etc.  by  others)  has  to  be 
made  on  an  individual,  computer-by-computer  basis. 
Tliis  means  maintaining  several  hard  drives  rather  than 
one  hard  drive  as  on  a  dedicated  server.  The  advantage  is 
that  the  network  is  not  dependent  upon  a  smgle  machine. 
Peer-to-peer  works  well  for  a  small  number  of  machines 
(10  or  less)  with  light  network  traffic  (primarily  printer 
sharing).  Many  users  sharing  large  files  or  programs  will 
bog  dowii  the  network.  Also,  individual  machines  may 
slow  down.  If  students  frequently  want  files  on  the 
machine  you  are  using  then  your  machine  must  certainly 
slow  down  your  work  while  it  is  serving  others.  If  you 
are  runnmg  a  big  program  then  the  people  who  want  files 
from  your  machine  will  also  certainly  have  to  wait. 

All  networks  require  hard  wwk,  knowledge,  and  time 
to  manage  prc^rly.  Check  with  network  users  at  other 
schools  to  find  out  what  their  experiences  have  been  with 
particular  network  configurations. 

Sometimes  it  is  desirable  to  keep  track  of  individual 
students  "on-task"  time.  Sane  networks  have  this  opUon 
(IBM  ICLAS  is  one  of  these).  Information  is  available  on 
the  amount  of  time  a  student  spends  usmg  the  program. 

If  you  only  want  to  use  a  program  with  three  or  four 
students,  the  cost  of  a  network  version  may  not  be 
justifiable.  If  only  network  versions  of  software  will 
work  on  the  network,  then  individual  copies  will  have  to 
be  purchased  and  run  individually  from  floppies  or 
installed  on  individual  hard  drives.  If,  instead,  it  is  fahly 
simple  to  install  non-network  versions  of  software  on  the 
network,  then  individual  copies  can  be  purchased  and  one 
copy  installed  on  the  network.  If  the  network  permits, 
specifying  how  many  users  can  simultaneously  access  a 
pardcular  program,  then  simply  limit  the  users  to  the 
number  of  legal  copies  available  in  the  lab. 

There  are  programs  available  which  allow  the  teacher 
to  broadcast  his  or  her  screen  to  r  1  the  workstations  on 
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the  network  (Lanscbool  for  MS-DOS  machines  is  an 
example  of  this  type  Gt  program).  It  is  also  possible  to 
peek  in  on  a  student* s  saeen  or  broadcast  that  student's 
screen  to  the  rest  of  the  class.  This  is  an  efficient  and  cost 
effective  way  of  demonstrating  software  and  does  not 
require  an  LCD  panel. 

If  e-mail  or  remote  locations  for  workstations  (in 
classrooms,  for  instance)  is  desirable,  then  network  cable 
could  be  installed  throughout  the  building.  Be  sure  to 
check  on  the  maximum  distance  that  a  workstation  can  be 
£rom  the  file  server. 

Workstations  will  automatically  attach  themselves  to 
the  server  if  they  can  be  remote  booted.  If  this  cannot  be 
done,  instructional  time  could  be  lost  while  a  teacher  goes 
around  and  individually  logs  each  workstation  onto  the 
network.  Depending  on  the  number  of  machines,  this 
could  be  a  very  time  consuming  process  and  must  be  done 
daily. 

Concluding  conments 

If  your  school  district  is  in  the  process  of  making  a 
decision  regarding  the  purchase  of  computer  equipment 
for  instruction,  remember  to  keep  these  ideas  in  mind: 

1)  get  objective  information  on  the  systems  you  wish  to 
consider  purchasing; 

2)  understand  the  terminology; 

3)  consider  bow  the  computer  hardware  will  affect  the 
instructional  delivery; 

4)  evaluate  the  potential  fca*  future  expansion; 

5)  choose  graphics  displays  carefully; 

6)  if  deciding  on  a  network,  evaluate  carefully  the 
different  types  available; 

7)  anticipate  future  needs; 

8)  evaluate  the  possibility  for  support  (this  includes 
vendor  support,  inside  and  outside  school  suj^rt, 
other  external  service  support). 

Most  importantly,  realize  that  saving  money  and 
getting  less  expensive  equipment  may  eventually  cost 
more  money  or  end  up  in  dissatisfaction.  The  bottom  line 
is  that  teachers  and  students  will  be  affected  by  hardware 
choices.  It  will  not  further  the  implementation  of  com- 
puter education/technology  in  the  schools  if  teachers  are 
continually  faced  with  hardware  that  does  not  meet  their 
instructional  needs  or  is  unreliable.  That  is  the  biggest 
obstacle  that  schools  must  overcome  if  technology  is  to 
have  an  impact  on  children*s'  education. 

Shirley  Gartmannn  is  an  Assistant  Professor  in  the 
Department  of  Curriculum  and  Instruction  at  the  Univer- 
sity of  Wisconsin-Whitewater,  Whitewater,  WI 53190  e- 
mail:  GARmANS@UWWVAX,UWW.EDU 
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Reformers  have  the  [mistaken]  idea  that  change  can 
be  achieved  by  brute  sanity. 

-George  Bernard  Siiaw 

The  diffusion  of  technology,  like  other  educational 
refcOTis,  is  difficult  to  implement  In  his  compre 
hensive  review  of  educational  change,  FuUan 
(1982,  p.  79)  concludes  that  **it  takes  a  fortunate  combina- 
tion of  the  right  factors-a  critical  mass-to  support  and 
guide  the  [change]  process..."  Generally  speaking,  those 
factors  fall  into  two  main  groups:  those  that  address  the 
specifics  of  what  should  change  and  those  that  focus  on 
how  change  can  best  be  accomplished.  Adding  to  the 
complexity,  we  must  realize  that  we  are  dealing  with  a 
"moving  target"  in  which  "the  what  and  the  how  con- 
stantly interact  and  reshape  each  other*'  (Fullan,  1991,  p. 
5). 

This  section  addresses  both  the  what  and  the  how  of 
technology  diffusion  in  educaUon.  It  begins  with  a  paper 
by  Viau  that  discusses  paradigm  shifts  for  teaching  and 
learning  in  the  information  age.  The  article  poses  relevant 
questions  and  asks  us  to  consider  the  big  picture  of  what 
constitutes  an  appropriate  education  in  a  world  increas- 
ingly influenced  by  information  technologies. 

The  papers  that  follow  document  efforts  to  integrate 
technology  into  K-12  schools.  Brown  and  Logan  report 
on  eight  innovative  projects  funded  by  the  Washington 
State  legislature  that  involved  computer-based  technolo- 
gies. The  authors  specifically  examine  levels  of  imple- 
mentation and  teacher  concerns  in  those  projects.  Ritchie 
and  Wiburg  focus  on  characteristics  of  teachers  who 
adopt  technology  and  discuss  the  implications  for  staff 
development  in  school  settings.  Bennett  adds  to  this 
discussion  by  presenting  a  model  for  staff  development 
grounded  within  the  framework  of  Maslow's  theory  of 
motivation  and  Bloom's  taxonomy  of  the  cognitive 
domain.  This  model  considers  both  the  affective  and 
cognitive  needs  of  teachers  who  are  resistant  to  techno- 
logical change. 

The  next  group  of  papers  focus  on  efforts  to  diffuse 
technology  into  colleges  of  education.  Yopp  cites 
preservice  teachers'  lack  of  computer  experience  and 
documents  efforts  to  ameliorate  this  problem.  Smith  and 
Wilson  describe  a  demonstration  program  to  prqwe 
teachers  to  deal  with  innovations  in  curricula,  assessment, 
and  the  use  of  technology.  Ramquist  also  addresses  the 
needs  of  preservice  teachers  in  describing  his  university's 
inclusion  of  new  interactive  technologies  in  its  media  lab. 
Interestingly,  Ramquist  notes  a  change  in  program 
orientation  from  a  skills  approach  to  a  greater  emphasis 
on  what  can  done  with  the  equipment.  Fmally,  Reehm  and 
Kolloff  document  one  university's  attempts  to  keep  pace 
with  the  increased  technology  use  in  K-12  schools 
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mandated  by  Kentucky's  sweeping  reform  efforts. 

Faculty  development  for  teacher  educators  is  a  critical 
concern  addressee?  by  the  next  set  of  authors.  Topp, 
Thompson,  and  Schmidt  review  the  literature  in  this  area 
and  Gtfer  a  three-year  model  that  is  currently  being 
implemented  at  theii*  university.  Poage  describes  a 
proposed  model  for  faculty  development  and  technology 
integration  that  is  based  on  roving,  multimedia  worksta- 
tions for  use  by  selected  faculty.  Abate' s  work  focuses  on 
an  evaluation  of  efforts  to  integrate  videodisc  applications 
throughout  a  teacher  education  program.  He  documents 
the  advantages  and  implementation  problems  experienced 
by  education  faculty.  Regenstein  describes  a  series  of 
faculty  workshops  designed  to  help  technical  neophytes  to 
leam  to  use  information  technologies.  The  focus  of  these 
workshops  was  to  support  the  creation  of  instructional 
materials  based  on  the  individual  teaching  needs  of  the 
participants.  Finally,  Wardlaw  describes  another  staff 
development  project:  The  Model  Schools  Program.  His 
paper  examines  efforts  to  increase  the  effectiveness  of 
faculty  and  staff  at  his  university's  Economic  Opportunity 
Center  in  using  computer  applications. 

The  remaining  papers  focus  on  critical  components  of 
the  change  process:  organization,  leadership,  and  funding. 
Cafolla  and  Kauffman  describe  the  quality  management 
phOosophy  of  Deming  and  suggest  that  colleges  of 
education  could  take  on  a  leadership  role  with  technology 


and  school  reform  by  adopting  such  principles.  McKenzie 
documents  a  collaborative  effort  between  a  college  and 
school  district  to  provide  educational  leaders  with 
professional  skills  and  knowledge  to  plan  for  technology 
use  at  their  sites.  Strudler  and  Powell  describe  their  work 
with  action  research  to  prepare  teacher  leaders  and  change 
agents  for  technology  use  in  K-12  schools.  And  finally, 
Haney,  Enneking,  and  Sabelli  discuss  funding  opportuni- 
ties offered  by  the  National  Science  Foundation  to  support 
innovative  technologies  in  pre-college  education. 

Meal  Strudler  is  the  coordinator  of  educational  computing 
and  technology  in  the  College  of  Education  at  the 
University  of  Nevada,  Las  Vegas.  He  is  currently  Presi- 
dent oflSTE*s  Teacher  Education  Special  Interest  Group, 
a  contributing  editor  of  the  Journal  of  Computing  in 
Teacher  Education,  on  the  editorial  review  board  of  the 
Journal  of  Technology  and  Teacher  Education,  and  a 
member  of  the  Executive  Board  of  the  Computer  Using 
Educators  of  Southern  Nevada.  (702)  895-1306 

Keith  Wetzel  is  an  Assistant  Professor  of  Education  at 
Arizona  State  University  West  Campus,  He  teaches 
courses  in  educational  fnedia  and  computing.  His 
interests  include  voice  recognition,  learning  disabled, 
speoking'tO'Write,  pre  service  teacher  education,  and 
implementation  of  innovations  in  schools,  (602)  543-6369 


Neal  Strudler 


Technology  Diffusion:  Section  Intro  257 

270 


To  a  man  with  a  hammer,  the  whole  world  looks 
like  a  nail ' 

Reality  is  not  really  seen,  it  is  perceived  and 
interpreted.  We  build  our  worlds  out  of  observa 
.  lions,  experiences,  and  information  liiat  we  have 
gathered  ourselves  or  gleaned  from  others;  we  use 
familiar  models  to  organize  this  material  in  ways  that 
make  sense  to  us.  Of  necessity,  our  conclusions  are  based 
on  how  information  that  we  have  gained  relates  to  what 
we  already  know.  Unfamiliar  or  conflictmg  evidence, 
which  we  cannot  classify  within  our  personal  frames  of 
reference,  may  be  disregarded  as  irrelevant  or  rejected  as 
unreliable.  Yet,  in  times  of  major  paradigm  shifts,  such  as 
the  information  age  transition  that  we  are  in  today,  our  old 
models  may  hamper  us  in  our  struggles  to  understand  the 
realities  of  the  present  It  behooves  us  to  examine  our 
definitions  and  assumptions  to  see  whether  they  will  hold 
their  currency  in  the  future. 

Thr00  Technology-Related  Educational 
Schemos 

Perceptions  of  what  education  is  about  are  tied  to 
dominant  information-handling  technologies;  philosophi- 
cal changes  accompany  technological  ones.  For  example, 
the  oldest  f onn  of  education  is  simply  imitating  what 
other  humans  do.  When  a  child  lives  with  a  hunter- gather 
clan  or  as  an  apprentice  in  a  workshop,  education  is 
active,  hands-on,  and  based  on  physical  experiences. 
Information  is  stored  in  human  minds,  and  teaching  is 
showing  bow,  explaining  why,  and  involving  the  learner 
by  enlisting  his/her  help  in  the  task.  Learning  is  watching, 
imitating,  participating.  An  educational  experience 
consists  of  doing  something  intimately  grounded  in  the 
activities  of  life  itself:  making  a  clay  jar,  skinning  a 
rabbit,  spearing  a  fish.  The  learner  uses  the  actual  tools 
and  materials  that  are  involved  in  the  task:  the  experience 
is  totally  coherent  in  its  context,  and  the  product  is 
immediately  useable  and  valuable.  Competence  is  judged 
by  what  the  learner  can  make  or  do,  and  educational 
philosojAy  can  be  summed  up  as  live  it! 

The  invention  of  writing  brought  new  structures  to 
education.  When  reading  or  writing,  the  educated  person 
sought  removal  from  the  bustle  of  'normal  life' ,  intellec- 
tually, posturally,  and  often  even  physically.  The  reader 
or  writer  focuses  concentrated  attention  on  a  manuscript 
or  writing  surface,  often  while  sitting  down.  Initially,  the 
learner  learns  how  to  read  and  write,  but  later  be/she 
leains  about  the  real  vorld  from  an  intellectual  distance, 
by  readmg  about  it.  This  model  of  education  benefited 
from  the  invention  of  paper  and  the  printing  press,  and  for 
a  long  time  it  prepared  the  learner  to  record  and  use 
information  in  adulthood.  Information  was  stored  in 
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books,  and  education  consisted  of  learning  what  informa- 
tion was  available.  The  tools  of  education  were  materials 
supporting  written  symbols.  Hands-on  interaction  with  the 
'real  world*  continued  to  be  the  education  of  the  working 
classes,  but  the  intelligentsia  were  not  expected  to  learn 
practical  skills.  For  the  student  in  the  writing  tradition, 
removal  from  the  bustle  of  community  life  and  a  disci- 
plined obedience  facilitated  the  educational  objective  — 
know  about  it! 

Electronic  media  are  changing  our  world  again,  but,  as 
so  often  happens  when  new  technologies  are  introduced, 
we  aie  using  them  in  ways,  and  for  purposes,  which  were 
served  by  an  earlier  technology,  in  this  case,  paper  and 
ink.  The  written  story,  the  picture  book,  the  slide  show, 
the  movie,  the  television  show,  the  VCR  t^,  and  now 
the  video-disk  form  a  continuous  progression:  generally 
speaking,  only  the  video  disk,  when  interfaced  with  the 
conputer,  may  have  materials  prepared  in  one  sequence 
with  the  intention  that  they  may  be  used  in  another. 
Random  access  thinking  breaks  with  the  sequential,  linear 
tradition  of  the  written  word.  Computer  software  copies 
the  flashcard,  the  workbook  page  and,  to  some  extent,  the 
silent  reading  lesson.  We  are  still  filling  the  students  with 
information  about  the  world,  infonnation  that,  in  true 
written-word  fashion,  is  removed  from  its  context  and 
represented  rather  than  experienced  directly.  This 
infonnation  may  be  learned  in  a  piecemeal  fashion  and 
never  really  integrated  into  a  coherent  understanding.  As 
the  flood  of  information  continues  to  inundate  us,  om 
educational  objective  must  change.  Information  is  no 
longer  simply  organized,  stored,  and  made  available;  it 
has  become  a  dynamically  changuig,  random  access 
flood,  and  it  will  not  help  to  try  to  simply  learn  about  it 
—  our  students  must  learn  to  shape  it  —  to  select  and 
shape  information  as  our  forebears  shaped  and  selected 
wood  and  clay.  To  do  so  requires  understanding  and 
judgement  as  well  as  knowledge. 

Thd  Limitations  of  Our  Traditional  Paradigrm 

As  educators  we  are  talking  about  preparing  students 
for  the  infonnation  age,  and  exploring  avenues  for  doing 
so.  Of  necessity,  much  of  our  time  is  spent  on  piecemeal 
tasks  and  issues:  designing  units  that  use  the  computer, 
evaluating  software,  learning  applications,  becoming 
familiar  with  new  hardware  products.  Yet,  behind  the 
plethora  of  practical  details,  enormous,  uiunanageable 
issues  confront  us;  caught  in  the  quintessential  informa- 
tion age  dilemma,  we  struggle  to  cup  some  water  in  our 
hands,  and  are  swept  away  by  the  river.  We  try  to  hold 
onto  those  aspects  of  our  existing  paradigms  that  repre- 
sent 'how  things  are  normally  done'  —  but  the  paradigms, 
too,  are  being  torn  away.  We  ask  larger  questions:  'What 
should  the  curriculum  be?'  'How  should  the  classroom  be 
organized?'  but  even  questions  as  important  as  these  are 


peripheral  issues,  Infonnation  has  been  released  from  its 
physical  embodiment  and  set  free  to  flow  in  streams  of 
energy:  its  form,  its  content,  its  quantity,  its  accessibility, 
its  velocity,  its  organization,  all  are  undergomg  violent 
mutation.  We  must  try  to  understand  this  transformation, 
which  is  occuring  with  dazzling  rapidity;  we  must  try  to 
isolate  those  skills  and  qualities  of  mind  which  will 
empower  our  children  to  utilize  this  flood.  This  is  no  easy 
task.  We  must  determine  what  needs  to  be  done,  and  we 
must  understaiKl  what  it  is  that  we  are  trying  to  do. 

There  can  be  no  doubt  that  people  need  some  practical 
world  skills,  and  that  there  is  some  basic  core  of  'informa- 
tion about*  that  everyone  should  have.  However,  using 
persons  as  repositories  of  'information  about'  is  not  going 
to  work  well,  for  several  reasons.  For  one  thing,  knowl- 
edge about  the  world  is  doubling  at  ever  increasing  rates. 
No  scholar  will  be  able  to  stay  current  in  his/her  field 
unless  be/she  chooses  to  pursue  an  ever-narrowing 
spec'alizaiion.  As  the  number  of  specializations  increases, 
the  numbers  in  each  may  well  deaease,  leading  to 
fragmentation  of  expertise  in  many  disciplines.  Another 
problem  is  that  knowledge  is  no  longer  static:  yesterday's 
knowledge  is  bemg  superceded  by  changing  attitudes, 
political  developments,  and  recent  discoveries.  Much  of 
what  we  teach  our  suidents  today  may  not  be  seen  in  the 
same  way  in  twenty  years.  Additionally,  human  memories 
are  fallible.  The  infonnation  that  students  toil  to  memo- 
rize can  be  easily  stored  in  computers  and  be  made 
subject  to  instant  access  by  people  with  computer  skills. 
The  computer  will  hold  the  information  unchanged, 
(whether  it  is  entered  correctly  or  not)  As  memorizers, 
we  cannot  compete  with  computers.  The  best  use  of 
human  minds  in  the  future  will  not  be  infonnation 
memorization  but  transforming  raw  information  into 
useful  knowledge. 

Hunr^on  Informotion  Processing 

Peq)le  have  always  processed  information.  A  great 
deal  of  what  humans  do  is  comparison  ainJ  classification: 
'this  is  like  that  because...'  We  compare  objects,  ideas, 
relationships  and  systems.  We  match  new  material  to 
known  models.  For  example: 

objects:  Your  cookie  is  bigger  than  mine. 

But  which  has  more  chocolate  chips? 

idem:  Being  truthful  is  more  impwtant  than 

being  kind. 

Is  this  always  true? 

relationships:     The  earth  is  our  mother. 
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Does  this  imply  responsibility  toward  the  earth? 

systems:  Jupiter  and  its  moons  are  similar  to  the 

sun  and  its  planets. 

Does  Jupiter  provides  energy  to  its  moons? 
What  kind  and  how? 

models:  The  brain  is  like  a  computer. 

Is  creativity,  then,  a  malfunction? 

The  computer  can  be  programmed  to  store  the 
statements,  but  it  takes  human  beings  to  ask  the  questions. 
Much  of  human  progress  depends  on  asking  good 
questions,  a  skill  which  is  becomuig  increasingly  impor- 
tant Can  this  skill  be  taught? 

We  know  that  the  future  will  present  us  with  an 
information  overload.  We  must  learn  how  to  decide  which 
information  is  important  and  which  is  trivial,  which  may 
be  true  and  which  is  questionable.  We  must  set  priorities 
and  balance  the  short  term  against  the  long  terai.  We  must 
learn  to  compromise.  None  of  these  skills  can  be  learned 
by  memorization.  We  need  a  model  of  education  in  which 
performance  is  not  central,  in  which  information  is  not 
central,  and  in  which  thought,  and  even  wisdom,  are.  Can 
we  construct  such  a  model? 

Mind-Shaping-^^or  What? 

Human  beings  are  frighteningly  malleable.  They 
accept  any  conditions  as  normal  if  they  are  bom  to  them. 
And  education  shapes  young  humans.  Shapes  them  —  for 
what? 

In  the  hands-on  pre-literate  society,  practical  Junction- 
ing  is  the  key.  The  young  human  is  shaped  to  be  an 
intelligent  tool,  to  have  the  most  efficient  useful  skills. 
The  human  serves  by  domg  tasks. 

In  the  written  word  society,  knowing  about  is  the  key. 
The  young  human  is  filled  up  with  knowledge,  like  a  jug 
being  packed  with  wet  sand.  Often  the  isolated  grains  of 
knowledge  never  fuse  into  a  coht^nt  mass,  and  often 
capacity  is  valued  over  coherence.  Ti^e  human  stores 
information,  and  reorganizes  and  applies  some  of  what 
he/she  knows. 

But  in  the  electronic  age,  it  is  not  enough  that  skills  be 
learned  or  information  stored.  There  is  a  constant  flow  of 
information,  which  murt  be  evaluated,  sorted,  directed, 
aiKi  utilized.  The  mmd,  no  longer  a  jug  for  storage, 
becomes  a  channel  through  which  information  flows.  The 
minds  of  the  information  age  must  be  able  to  take  in 
information  that  is  constantly  being  revised,  to  mtegrate  it 
across  relevant  fields  of  expertise,  and  to  apply  it  to  the 
problems  of  the  moment.  They  must  be  able  to  compare 
and  evaluate  items  of  information,  selecting  and  prioritiz- 


ing useful  data  from  the  flood. 

But  sorting  and  sifting  information  is  not  enough.  The 
output  of  the  problem  solvmg  process  must  be  useful, 
relevant  coherent  and,  above  all,  communicable  to  a 
diverse  group  of  receivers.  The  minds  of  the  infonnation 
age  must  be  superb  Uanslators.  As  the  world  becomes  a 
global  village,  all  peoples  must  face  the  same  problems, 
but  cultural  and  religious  values  influence  how  these 
problems  are  p^ceived,  and  determme  the  acceptability 
of  possible  solutions.  Solving  individual  problems,  even 
trivial  ones,  often  seems  impossible  in  today's  world  We 
are  unable  to  lift  our  thoughts  from  the  stones  in  our  shoes 
to  the  avalanche  thundering  down  upon  us.  Trnt  is  short. 
We  need  minds  that  can  see  perspectives  other  than  their 
own,  that  can  compromise  without  losing  sight  of  larger 
objectives,  that  can  ttanslate  ideas  from  one  culture  into 
the  argot  of  another,  that  can  move  models  of  solutions 
into  new  aieas  of  application.  These  skills  have  always 
been  in  short  supply.  Can  they  be  taught  —  or  learned  in 
appropriate  situations? 

New  Minds,  New  Methods 

If  we  are  to  use  our  minds  in  new  ways,  we  need  to 
change  the  ways  in  which  we  educate  our  children. .  How 
can  we  move  us  from  the  model  of  mind  as  information- 
holding  jug  to  the  model  of  mind  as  an  information- 
directing  channel? 

First,  information  must  be  seen  as  dynamic  rather  than 
static.  Rather  than  memorizing  facts,  students  must  learn 
to  use  and  create  models  to  help  them  to  organize 
inforaiation.  Students  must  develop  mastery  of  basic 
skills,  but  models  must  be  utilized  from  the  beginning. 
Information  in  books  is  dead  information;  the  action  of 
the  living  human  mind  brings  the  infonnation  to  life, 
gives  it  relevance,  utility,  and  purpose.  Students  need  to 
experience  the  sense  of  bringing  knowledge  to  life,  to  see 
knowledge  as  something  that  empowers  them  —  to  do,  to 
produce,  to  create. 

Learning  must  become  the  prunary  focus  of  activity  in 
the  classroom.  Traditional  education  focuses  on  the 
teacher  as  the  authority,  exercising  conu^ol  over  the 
students  and  selecting  the  material  that  will  be  taught 
Most  of  the  time,  the  teacher  talks  and  the  students  listen. 
Learning  becomes  a  passively  received  information 
uansfer,  leavmg  the  student  as  an  object  a  jug.  We  need 
to  think  about  teaching  and  learning  differently. 

New  Perceptions  of  Our  Students 

Are  students  objects  or  agents?  Objects  need  to  be 
shaped  and  formed;  student-objects  can  be  seen  as  raw 
material  when  they  come  to  us.  As  objects,  they  are  easily 
dealt  with  philosophically;  equality  of  opportunity  can 
equal  samness  of  u^eaunent.  As  objects  they  can  all  be 
evaluated  by  the  same  process.  The  fact  that  they  do  not 
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all  achieve  identical  SAT  scores  can  be  somehow  laid  to 
defects  in  the  student  or  his/her  background.  This  model 
seems  to  *work*  on  the  majority  of  students.  It  can  be 
administered  and  overseen  in  a  rational  way.  Unfortu- 
nately, the  products  of  this  system  are  beginning  to  show 
inadequacies;  displaced  workers,  rising  joblessness  and 
homelessness,  obsolescent  people,  attest  to  the  hard  truth 
that  this  product  is  no  longer  what  the  society  needs.  As 
the  mismatch  between  society's  changing  needs  and  the 
schools'  traditional  'product*  increases,  we  will  see  more 
stress  in  the  job  nuu'ket,  more  companies  doing  training 
and  increasing  demands  for  infonnation'^hannel  people, 
who  are  already  m  short  supply. 

As  agents,  students  are  active  persons,  predisposed  to 
growth,  learning,  aiKl  develo|Hnent.  They  demonstrate 
some  power  of  self-direction;  they  need  (^portunities, 
nurture,  the  teasing  lure  of  half-seen  possibilities.  In  this 
model,  the  teacher  is  not  the  gardener,  but  the  soil, 
providing  continual  suppcMt  and  essential  nutrients.  The 
teacher  is  sensitive  to  the  needs  and  maturity  levels  of 
individual  students,  as  well  as  to  the  overall  skills  that 
each  must  acquire.  If  the  student  is  unfoldmg  himself/ 
herself  it  is  possible  to  foster  the  mdividual  development 
of  each  student's  powers.  In  this  model,  learning  is  mdeed 
the  the  pnmry  focus  of  activity  in  the  classroom.  At 
times  the  teacher  may  be  almost  invisible — as  the  ground 
is  not  noticed  in  a  verdant  garden.  But  the  teacher's 
support,  guidance,  encouragement,  and  judgement, 
informed  by  understanding  of  the  individual  student  and  a 
generalist's  vision  of  the  connectedness  of  knowledge,  is 
the  sine  qua  non  of  the  educational  enterprise. 

If  students  are  to  develop  from  withui,  they  must  be 
allowed  to  invest  themselves  in  the  learning  process.  The 
classroom  of  the  future  must  provide  a  safe  environment 
in  which  students  may  experiment,  take  risks,  and  play 
with  processes  and  ideas.  The  *one  right  answer'  can  no 
longer  be  the  dominant  focus  of  mstruction:  the  process 
by  which  decisions  are  made  and  information  is  evaluated 
m^^jst  be  explored,  so  that  students  can  see  why  one 
answer,  or  several  answers,  provide  the  acceptable 
solution(s)  to  a  problem.  The  competitive  ethos  in  our 
classrooms  must  give  way  to  a  cooperative  one:  without 
cooperation,  we  will  be  unable  to  solve  the  problems  that 
face  us,  and  cooperative  behavior  is  learned  behavior. 

Organizing  schools  around  the  students  as  agents  will 
be  challenging  because  students  differ,  and  their  needs 
differ,  also.  The  educational  process  cannot  lead  to 
uniformity  of  resulfs.  We  must  teach  a  core  of  skills  to 
every  student,  and  aspire  to  expertise  and  excellence  in 
some  area  for  every  one.  We  must  rid  ourselves  of 
preconceived  ideas  about  what  students  are  capable  of. 
We  must  reward  mitiative,  not  just  obedience,  and  be 
aware  of  students  who  think  in  other  modes,  who  have 
gifts  for  divergent  thuiking,  creativity,  synthesis,  empa- 


thy, and  social  facilitation. 

Administration  of  these  schools  will  be  challenging. 
Teachers  must  have  more  power  and  responsibility  — 
because  teachers  are  the  ones  who  know  the  students  best. 
Record  keeping  will  increase  in  importance  as  students  go 
through  school  at  different  speeds.  Curriculum  will  need 
ruthless  examination,  and  classroom  organization  wiU 
change  as  mixed-age  students  work  together.  Ne'v 
evaluation  systems  will  need  to  be  devised,  systems  that 
look  at  the  student  as  well  as  at  the  skills  and  information 
learned. 

ChangM  Wa  Can  Moke  Todoy 

Questioning 

How  can  we  begm  to  help  tomorrow's  schools  take 
form?  First,  by  focusing  on  finding  good  questions.  Often, 
the  form  of  a  question  determines  the  sh^  of  the  answer, 
rephrasmg  questions  may  lead  to  a  wider  choice  of 
options.  We  need  to  ask  big  questions,  courageous 
questions,  about  the  purposes  of  education,  the  nature  of 
knowledge,  the  relationship  between  teaching  and 
learning,  and  what  kinds  of  people  we  will  need  in  the 
future. 

Identifying  Core  Skiils 

Second,  we  need  to  ideni^fy  the  basic  skills  that  every 
citizen  needs  to  have,  and  to  bt  sure  that  every  student 
leams  them.  Students  should  come  out  of  our  schools  with 
the  conviction  that  whatever  is  learned  can  be  related  to 
what  is  already  known  and  can  be  made  meaningful  by 
the  creation  of  coherent  patterns  of  relationships. 

Seeing  Students  as  Individuate 

ITiird,  we  need  to  start  to  see  our  students  as  individu- 
als. Our  students  are  becoming  more  diverse.  It  is 
important  that  we  start  to  consider  new  options:  laying  out 
individual  study  plans  around  a  core  curriculum,  allowmg 
students  to  go  through  school  at  varying  rates,  encourag- 
ing group  learning  and  problem-solving,  opening  the 
classroom  to  a  wider  age  spread.  Technology  makes 
individual  record  keepmg  possible,  and  computers 
provide  work  stations  around  which  groups  can  gather 
and  focus.  We  need  to  offer  a  variety  of  pathways  to 
learning  and  give  every  student  the  oR)ortunity  to  strive 
for  personal  excellence.  A  self-concept  that  is  built  on  the 
opinions  of  others,  however  well  respected,  cannot  be 
substituted  for  a  self-concept  built  on  personal  achieve- 
ment and  growth.  Every  student  must  attain  mastery  of 
the  basic  skills  and  competence  in  areas  of  personal 
choice  or  potential. 

Focusing  on  Process 

Fourth,  we  need  to  teach  students  to  focus  oft  process. 
Students  need  to  integrate  knowledge  from  different 
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subject  matter  fields,  and  to  digest  new  material  and  make 
it  a  part  of  their  mental  structures.  Doing  this  is  time 
consuming,  but  if  what  is  learned  is  well  integrated  it  will 
form  a  foundation  for  later  learning.  Initially,  teachers 
will  have  to  point  out  connections,  but  if  students  are 
constantly  encouraged  to  relate  new  material  across 
subject  matter  lines,  they  will  come  to  seek  out  interdisci- 
plinary connections  themselves.  Teaching  processing  will 
make  use  of  group  work,  discussion,  writing  and  projects 
so  that  students  can  practice  critical  thinking,  logical 
analysis,  thinking  from  different  perspectives,  and 
compromising  when  processing  information. 

Providing  and  Using  Models 

Fifth,  we  must  provide  students  with  a  variety  of 
models  of  systems  and  relationships..  Much  of  mankind 
processes  information  with  the  use  of  metaphors.  The 
scientific  process,  with  its  emphasis  on  accurate  observa- 
tion, independent  verification,  and  rational  interpretation 
has  focused  western  minds  on  trymg  to  see  something  as 
it  Junctions  and  as  it  is  while  saeening  out  much  of  the 
context  as  irrelevant  This  disciplined  concenuation  is  a 
very  powerful  way  to  process  information,  focus  on 
specific  problems,  seek  relevant  data,  and  observe  events 
under  controlled  conditions. 

But  the  scientific  model  is  not  the  only  way  to  think.  It 
may  impede  the  solution  of  some  social  problems.  The 
scientific  mode  of  thinking  may  focus  on  the  narrow 
dimensions  of  a  problem  to  the  exclusion  of  intractable 
attitudinal  and  affective  factors  and  assumptions  which 
cannot  be  dealt  with  rationally.  Here  metaphoric  thinking 
may  be  helpful;  it  can  reduce  the  complexity  of  a  situation 
through  the  use  of  an  image  which  clarifies,  unifies,  and 
inspires.  Metaphoric  and  allegorical  thmking  draw  on 
models  to  mterpret  the  world  and  to  create  relationships 
by  connecting  unfamiliar  situations  to  deep  affective 
roots:  an  idea  such  as  *the  family  of  humanity'  transforms 
foreigners  into  kin  wilh  a  simple  phrase.  Students  need  to 
have  a  repertoire  of  organizational  structures  for  possible 
application  to  new  information  and  experiences.  Students 
need  to  learn  and  practice  the  use  of  models,  and  to  think 
critically  about  them.  A  superficial  Tit'  can  be  dangerous, 
precisely  because  it  does  link  a  new  situation  with 
powerful  emotional  roots.  Metaphoric  models  pervade  our 
thinking,  and  such  ideas  as  a  human  being  being  *a  cog  in 
the  machme'  fit  our  minds  so  comfortably  that  we  do  not 
stop  to  question  them,  or  to  criticize  the  actions  and 
policies  that  can  flow  from  inferences  implicit  in 
unexammed  assumptions.  We  will  have  to  use  models  to 
bring  coherence  to  the  chaos  of  the  data  stream;  our  future 
citizens  need  a  wide  repertoire  of  possible  models  to 
choose  from,  and  a  critical  approach  to  any  model  that  is 
chosen. 


Using  Technology 

Sixth,  we  need  to  niake  information  technology  both 
transparent  and  visible.  Making  techiwlogy  transparent 
means  saturating  our  environment  with  it  so  that  it  is 
accepted  as  a  matter  of  course,  put,  though  technology 
has  made  many  changes  in  our  environment,  the  most 
significant  and  transparent  influence  of  information 
technology  is  on  our  own  minds  —  on  how  our  thinking 
is  affected  by  using  technology,  and  models  drawn  from 
technology,  to  organize  our  thinking  about  things  that  are 
not  related  to  technology  at  all.  This  influence  on  our 
perception  of  reality  must  be  made  explicit.  It  is  becoming 
increasingly  difficult  to  distinguish  the  images  of  the  real 
from  the  images  of  the  unreal  on  television,  to  distinguish 
the  relevant  from  the  irrelevant  in  computers  that  record 
all  information  with  equal  fidelity,  to  distinguish  betwe^ 
the  urgent  and  the  unportant  Yet  making  these  distinc- 
tions is  what  we  must  learn  to  do,  and  what  the  thrust  of 
our  education  must  further. 

Finding  Courage  to  Begin 

A  journey  of  a  thousand  miles  begins  with  a  single 
step.'  Changing  education  is  a  daunting  task  because  we 
must  review  our  assumptions,  challenge  our  traditions, 
change  our  practices,  and  redefine  our  goals.  But  the  task 
is  not  impossible.  We  must  start  where  we  are  with  such 
courage  as  we  can  muster— by  discussing  ideas  with  our 
students  instead  of  just  explaining  them,  by  taking  the 
time  to  build  bridges  between  the  disciplines,  by  showmg 
connections  between  scientific  discoveries,  social 
conditions,  and  historical  events,  by  using  models  and 
metaphcKS,  and  by  focusing  on  questions  and  problems 
rather  tlian  on  answers  and  solutions.  We  must  let  the 
students  begin,  too,  by  encouraging  them  to  work 
together,  to  rely  on  one  another,  and  to  validate  solutions 
by  thinking  critically  about  them,  rather  than  by  asking  us 
if  they  are  correct.  We  must  give  our  students  the  sorts  of 
challenges  that  will  allow  them  to  practice  the  skills  of 
locaJing  information,  judging  its  value,  and  utilizing  it  to 
serve  some  purpose  that  mterests  them — ^and  to  do  so  in 
both  social  and  individual  settings. 

A  jug  can  only  disj  nse  what  it  contains — a  channel  is 
open  to  a  flow,  2i  flow-through.  The  minds  of  tomorrow 
must  be  open,  able  to  deal  with  information  that  changes 
and  grows.  The  models  of  education  that  served  us  well 
when  knowledge  was  a  permanent  possession,  inscribed 
on  stone  and  paper,  no  longer  fit;  the  age  of  hard  copy  is 
gone.  Knowledge  has  become  a  distillate,  refined  from  the 
flowing  data  stream.  Currency  has  displaced  the  imprima- 
tur of  tradition;  relevance  and  focus  replace  the  encyclo- 
pedic completeness  that  we  once  prized.  The  image  of  the 
jug  can  serve  no  more.  We  need  to  move  toward  a  new 
educational  metaphor,  one  that  will  claiify  the  roles  of  our 
students  and  elucidate  the  nature  of  our  relationships  to 


262  Technology  and  Teocher  Educotion  Annuol  ~  1993 

ER?C  275 


information,  knowledge,  and  learning.  The  information- 
age  mind  is  a  channel,  not  a  jug.  From  us,  this  tmnsfonna- 
tion  of  conception  demands  courage,  but  courage  for  a 
cause:  we  can  advance  our  educational  goals  from 
knowing  about  to  understanding,  from  collecting  all  tiie 
facts  to  selecting  tiie  relevaht  ones,  from  holding  informa- 
tion to  shaping  its  endless  flow.  We  can  prepare  our 
children  to  be  shapers  of  the  world — and  we  can  begin 
today. 
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When  the  1987  Washington  legislature  initiated 
the  Schools  for  the  21st  Century  Program, 
they  hoped  to  sUmulaie  e<lucalional  reform  by 
supporUng  innovative  school  restructuring  at  the  local 
level.  To  do  so,  the  State  Board  of  Education  funded 
twenty-one  programs  aaoss  the  state.  Eight  of  the 
selected  schools  had  proposed  reforms  that  involved  the 
implementation  of  innovative  technologies,  die  subject  of 
this  discussion. 

1h9  Inslrunnent 

The  difficult  task  of  educational  assessment,  akeady 
complicated  by  die  cost  effectiveness  issues  of  imple- 
menting technology,  is  complicated  further  by  die 
difficulties  of  assessing  innovative  programs.  After  all,  as 
Siortnik  observes,  **A  generic  evaluation  process  intended 
to  measure  and  compare  progress  presents  a  contradiction 
to  die  program's  intent"  (1991,  p.  1).  The  innumerable 
variables  involved  widi  assessing  die  disparate  innova- 
tions in  die  Schools  for  die  21st  Centuiy  Program, 
including  die  variety  of  technological  innovations, 
required  an  appropriately  innovative  approach  to  assess- 
ment. 

After  exteasive  consideration,  we  chose  die  Concerns 
Based  Adoption  Model  (CB AM).  The  CBAM  is  a  tool 
developed  .  y  Hall,  G.  E.,  Wallace,  R.  D.,  Jr.,  &  Dossett, 
W.  A.  (1973)  diat  focuses  on  die  perceptions  and  behav- 
iors of  die  teachers  and  administrators  involved  in  die 
change  process. 

The  selection  of  diis  tool  reflects  a  bias  diat  may  be 
particulaily  pronounced  when  applied  to  die  implementa- 
tion of  technologies,  for 

it  assumes  diat  it  is  not  die  technology  but  die  partici- 
pant who  uses  die  technology  diat  determines  educational 
change.  If  d>e  computer  alters  our  behavior  in  undesirable 
ways,  in  odier  words,  dien  we  are  obligated  to  use  it 
differenUy,  or  not  at  all.  We  acknowledge  die  possibility 
diat  diis  notion  of  computer  as  tool  may  ultimately  prove 
to  be  naive,  since  technology  itself  may  be  changing  not 
only  die  way  we  learn,  but  die  meaning  of  learning  itself. 
Nonedieless  we  sidestep  diis  debate  for  now  by  asserting 
diat  it  is  die  context  of  technological  implementation  diat 
precipitates  educational  change,  and  for  decision  makers, 
it  is  die  behavior  of  individual  faculties,  administrations 
and  districts— die  school  culture  in  general— diat  is  most 
responsible  for  shaping  diat  context.  Moreover,  die 
assumptions  underlying  die  selection  of  die  research 
instrument,  as  we  will  explain,  were  supported  by  our 
fmdings  in  interesting  ways. 

The  dhnension  of  CBAM  most  gemiane  to  diis 
discussion  was  die  Levels  of  Use  (LoU)  interview 
process,  which  also  assumes  individuals  accomplish 
change  (Hall,  G.  E.,  Wallace,  R.  D.,  Jr.,  &  Dossett,  W.  A., 
1973),  and  which  also  allowed  for  adaptation  to  each 
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project*s  specific  innovation  configuration. 

The  LoU,  like  the  CB AM,  does  not  explain  causality 
or  measure  attitudes,  motivations  or  other  affective 
aspects  of  the  user,  it  delineates  behaviors  of  innovation 
users. 

Hie  LoU  is  used  to  discern  the  following  eight 
discrete  levels  of  an  innovation's  use: 

0  -  Non-Use 

1  -  Orientation 

2  -  Preparation 

3  -  Mechanical  Use 

4  -  Routine 

5  -  Refinement 

6  -  Integration 

7  -  Renewal 

The  Non-Use  level,  like  orientation  and  preparation, 
indicates  the  educator  has  made  no  effort  to  use  the 
technology.  The  Renewal  level  reflects  reevaluation,  the 
making  of  major  modifications  in  the  use  of  the  innova- 
tion to  enhance  its  impact  on  students,  for  instance  cross 
wiring  COTiputer  monitors  so  students  see  the  screens  of 
the  students  working  across  frcmi  them.  Mechanical  use 
reflects  a  user  who  still  struggles  with  maintenance  of  the 
technology  in  ways  that  do  not  enhance  curriculum  or 
impact  students,  whereas  the  routine  level,  unlike  the 
refinement  level,  corresponds  to  those  instructors  who 
have  no  difficulties  operating  the  technology,  yet  also 
who  do  not  explore  additional  possibilities  the  technology 
makes  available. 

In  addition,  the  following  seven  categories  are 
assessed  for  each  level: 

1  -  Knowledge 

2  -  Acquiring  information 

3  -  Sharing 

4  -  Assessing 

5  -  Planning 

6  -  Status  reporting 

7  -  Perfomiing 

The  maUix  provides  a  detailed  assessment  of  each 
participant's  use  of  an  innovation.  An  educator,  for 
instance,  might  be  at  the  preparation  level  in  the  assessing 
category,  yet  at  the  refinement  level  in  the  performing 
category. 

We  conducted  the  LoU  interviews  on  site  December, 
1991  through  February,  1992.  The  interviewees  were 
randomly  selected  clusters  of  staff  involved  at  each  site, 
reflecUng  25%  of  the  staff  at  each  school. 

Findings:  Infogralion  eind  Ron^wai 

Of  the  twenty  projects  we  visited,  the  eight  projects 


that  implemented  technology  ranged  from  simple  com- 
puter grading  systems  and  drill  and  practice  software 
applications  to  word  processing  and  networked  communi- 
cations. 

A  common  difficulty  expressed  with  computer 
innovations  was  logistics.  Most  classrooms  had  only  one 
computer,  which  obviously  limited  hands-on  student 
participation.  Scheduling  was  also  a  problem,  yet  as  one 
Sunnyslope  teacher  explained,  "Students  often  have  to 
work  in  pairs,  but  in  lots  of  ways  that's  a  strength  because 
they  can  use  each  other's  strengths  and  get  help  that 
way." 

This  praise  for  the  collaboration  facilitated  by  c(Mnput- 
ers  in  the  classroom,  however,  countered  our  more 
general  findings:  there  was  a  significantly  low  level  of 
integration  or  collaboration  of  computer  use  among 
school  staffs,  particularly  compared  to  the  stable  and  high 
routine  use  levels  and  the  surprisingly  high  use  at  the 
innovative  and  renewal  levels  of  implementation.  This 
finding  was  even  more  surprismg  when  it  was  compared 
to  the  level  of  collaboration  fournl  with  other  innovations. 
See  Figure  1  below: 

Perhaps  the  dispropationately  high  use  of  technology 
at  the  renewal  level  was  simply  representative  of  the 
solitary  nature  of  those  who  explore  with  computers.  Yet 
the  stable  mechanical  and  routine  use  levels,  with  the 
indication  of  the  incipient  mavericks  at  the  refinement 
level,  as  well  as  the  low  level  of  collaboration  among  staff 
members  points  out  an  interesting  trend  in  the  implemen- 
tation of  technology.  Ironically,  though  the  level  of  use  by 
individuals  implementing  technology  reported  diminished 
collaboration  among  the  staff,  among  students,  teachers 
interviewed  supported  Dickinson's  findings  that  comput- 
ers create  an  on-task,  noisy,  collaborative  social  organiza- 
tion (Dickinson,  1986).  Hawisher's  research  also  confinns 
what  teachers  reported:  computer  use  generates  great 
enthusiasm  and  an  ir^creased  positive  attitude  toward 
school  (1989).  As  one  teacher  noted,  *The  students  have 
a  sense  of  pride  about  coming  [to  school]  because  their 
parents  talk  about  ftixes,  modems. .  .and  couimunication 
and  computers,  and  [students]  then  see  those  things  in 
[their  own]  woriqjlace." 

This  disparity  between  a  staffs  perceptions  of  their 
own  use  of  computers  compared  to  their  perceptions  of 
their  students'  use  of  computers  has  provocative  unpiica- 
tions.  Why  are  faculty  so  often  involved  with  collabora- 
tion with  other  innovations,  yet  apparently  so  reluctant  to 
collaborate  when  the  innovation  is  technology?  Why  are 
they  nonetheless  so  excited  about  reporting  their  students' 
collaborations  and  enthusiasm?  Is  the  discrepancy 
atuibutable  to  generation  differences?  Or  do  computers 
exasperate  ego  clashes  and  turf  wars — the  computer  whiz 
versus  the  technophobe— and  the  stigma  of  paid  profes- 
sionals unwilling  to  confess  an  inexperience  they  mistake 
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Figure  1.  Computer  vs.  non  computer  projects 


for  ignorance?  Perhaps  the  logistical  problems,  for 
instance,  or  vying  for  lab  time,  encourage  selfishness  and 
diminished  integration  among  faculty?  Does  the  discrep- 
ancy suggest,  perhaps,  that  a  teacher's  collabwation  with 
students  who  respond  so  positively  to  computers  sup- 
plants the  inclination  or  need  to  collaborate  with  col- 
leagues? Does  it  suggest  collaboration  itself  stifles 
innovation?  Or  is  it  a  differential  and  complex  confluence 
between  purpose,  population,  attitude,  aptitude  and 
environment? 

Conclusions 

A  closer  look  revealed  that  integration  levels  v/ere 
innovation  specific.  Grading  programs  and  most  drill  and 
practice  programs  correlated  with  high  routine  and 
mechanical  levels  of  use  and  probably  do  not  require 
much  attention  to  staff  collaboration  and  even  less  to 
renewal  and  innovation.  On  the  other  hand,  the  enthusi- 
asm reported  among  students  tended  to  be  apparent 
among  staff  when  tiie  innovation  was  designed  or 
implemented  in  ways  intended  to  increase  communication 
and  collaboration,  as  it  frequendy  was  introduced  to 
students,  and  which  supports  the  initial  assumption  that 
we  view  technologies  as  tools  rather  than  ends.  For 
instance  a  number  of  teachers  at  one  elementary  school 


praised  the  increased  communication  resulting  from  the 
new  networked  computer  system,  and  many  modified 
their  use  of  the  technology  in  ways  that  impacted  stu- 
dents. Almost  aU  of  the  staff  enjoyed  the  greater  commu- 
nication with  their  colleagues,  with  the  parents  of  their 
students,  with  their  students  who  also  communicated  with 
students  in  other  countries.  Almost  everybody  enjoyed  the 
greater  spirit  of  collaboration,  in  this  case  counter  to  the 
general  findings  associated  witu  the  implementation  of 
technological  innovations  because  of  the  nature  of  the 
innovation— e-mail  The  implications  culminate  with  one 
teacher's  enthusiasm  for  the  promised  district-wide 
network,  proclaiming  that  electronic  mail  was  "just 
wonderful,"  and  that  when  the  central  office  was  finally 
hooked  up,  the)  would  "be  just  inundated  with  mes- 
sages." 

So  what  is  the  message  we  should  send  the  central 
office  regarding  the  implementation  of  technology? 
Certainly  our  requests  for  technology  should  be  informed 
with  discretion,  with  clear  purpose— a  purpose  that  would 
nonetheless  be  wise  to  include  room  for  innovation  and 
play.  After  all,  if  our  goals  for  using  technology  are  to 
encourage  isolated,  routine  and  mechanical  use  of 
expensive  technologies,  then  we  can  be  satisfied  with 
mechanized  grading  and  diiU  and  practice  programs.  If 
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we  want  to  encourage  collaboration  that  excites  us  as 
teachers  when  we  see  it  among  our  students,  then  the 
question  is  more  complex,  and  more  con)plex  still  if  we 
want  to  extend  that  excitement  in  ways  that  both  foster 
and  reflect  our  own  collaborations. 

It  may  very  well  turn  out  to  be  that  technology  is  not 
value  free,  but  if  there  are  implicit  values  in  the  technol- 
ogy itself,  then  rather  than  free  us  as  educators  from 
responsibility  for  those  values,  it  increases  our  responsi- 
bility for  the  values  we  encourage  with  our  use  of 
technology. 

It  will  take  time  to  ascertain  which  approaches  to 
implementing  technology  actually  improve  education,  but 
even  more  time  if  we  fail  to  plan  structured  time  to  work 
together.  For  now  it  will  help  to  recall,  as  Liberman  and 
Miller  remind  us,  that  collaboration  is  an  ''innovation  in 
and  of  itself*  (1991,  p.  33)  and  that  previous  research 
strongly  suggests  that  the  greater  the  collaboration,  the 
greater  the  facilitation  of  academic  achievement,  and  the 
greater  the  transfer  to  individual  learning  (Dansereau,  D. 
R,  Collins,  K.  W.,  McDonald,  B.  A.,  Holley,  C.  D., 
Garland,  J.,  Diekhoff,  G.,  &  Evans,  S.  H.,  1979;  Sharan, 
1980;  Slavin,  1980,  Q'DonneU,  A.  M.,  Dansereau,  D.  R, 
Rocklin,  T.,  Lambiotte,  J.  G.,  Hythecker,  V.  I.,  &  Larson, 
C.  O.,  1992,  &  McDonald,  Larson,  Dansereau,  &  Spurlin, 
in  press). 

As  we  bring  new  technologies  into  our  schools  and 
classrooms,  it  will  not  be  surprising  to  discover,  finally, 
that  what  is  effective  with  students  will  be  effective  with 
teachers  as  well. 
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Introduction 

Tree  Top  High  School  services  a  population  of 
middle  income  families  in  a  semi-rural  commu 
nity.  Four  years  ago,  the  school  board  encouraged 
the  principal  to  purchase  30  computers  so  that  the 
students  would  have  the  ability  to  keep  up  with  technolo- 

»C5  -wlevant  to  the  21st  century.  Although  somewhat 
hesitant,  the  principal  initiated  the  purchase  and  distrib- 
uted the  computers  to  the  staff.  Today,  the  teachers  joke 
that  the  two  main  purposes  for  the  computer  are  to 
impress  the  public  and  to  catch  dust.  Although  occasion- 
ally used  by  teachers  to  write  letters  or  average  grades, 
most  computers  sit  idle  throughout  the  day. 

At  a  similar  location.  Forest  Glen  High  School  also 
purchased  30  computers  4  years  ago.  Today,  technology 
is  pervasive  throughout  the  campus.  Students  and  teachers 
use  the  equipment  before,  during,  and  after  school.  The 
computers  are  distributed  throughout  the  school  and  are 
an  integral  part  of  the  curriculum  in  ahnost  every  class.  At 
Forest  Glen,  the  main  computer  use  is  not  word  process- 
ing or  content  specific  drill  and  practice,  but  activities 
which  help  students  develop  higher  level  thinking  skills 
and  think  more  deeply  about  academic  concepts. 

Although  these  scenarios  are  fictitious,  situations  not 
unlike  these  exist  throughout  our  educational  system — 
similar  populations  and  technologies,  yet  vastly  different 
results.  What  causes  one  school  to  implement  technology 
more  efficienUy  than  another?  How  much  do  training  and 
pedagogical  orientations  contribute  to  the  use  of  technol- 
ogy? What  kind  of  administrative  support  is  most 
conducive  to  overall  computer  use?  The  purpose  of  this 
paper  is  to  examine  these  and  other  variables  which 
contribute  to  the  divergence  of  implementation,  and  to 
offer  suggestions  as  to  how  to  improve  the  integration  of 
technology  throughout  the  curriculum. 

Pedogogical  Orientation 

Researchers  have  recently  identified  two  major 
v<-riables  which  account  for  how  well  technology  is 
integrated  into  the  curriculum.  These  variables  include  the 
pedagogical  orientation  of  teachers  and  administration, 
and  the  training  provided  to  help  the  faculty  incorporate 
tlicnew  technology. 

In  a  study  established  to  determine  characteristics  of 
teachers  who  had  a  either  a  high  level  or  low  level  of 
technology  implementation  in  the  classroom,  Honey  artd 
Moeller  (1990)  identified  four  pedagogical  orientations 
and  practices.  Teachers  with  a  high  level  of  technology 
implementation  were  fairly  homogeneous,  and  tended  to 
focus  on  instilling  a  sense  of  curiosity  and  desire  to  learn 
in  their  students.  They  used  technology  not  only  as  a  tool 
for  thinking,  but  a  tool  for  thinking  and  learning  more 
deeply  about  content.  They  reduced  classroom  lime  on  the 
acquisition  of  facts  and  devoted  more  time  to  an  inquiry- 
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based  approach  which  helped  students  develop  critical 
thinking  skills.  Teachers  who  do  well  at  integrating 
technology  into  the  curriculum  often  view  the  importance 
of  education  in  how  students  approach  solving  p-oblems, 
not  on  scores  from  tests  of  basic  skills  (Tucker,  1992). 

Honey  and  Moeller  (1990)  found  that  rather  than 
"teach"  technology,  these  teachers  used  technology  as  a 
process-oriented  approach  to  enable  students  to  reach 
curricular  objectives  akeady  in  place.  Allowing  students 
to  explore  and  use  applications  such  as  desk-top  publish- 
ing, telecommunications,  and  multimedia,  students  not 
only  expanded  their  educational  horizons,  but  learned 
more  due  to  their  increased  enjoyment  in  finding  creative 
ways  to  master  curricular  objectives. 

Characteristics  of  teachers  with  a  low  level  of  technol- 
ogy implementation  were  mcH^  heterogeneous,  ranging 
from  process-centered  to  more  traditional.  These  "low 
implementers"  tended  to  fall  into  two  groups,  one  of 
which  consisted  of  those  who  were  reluctant  to  use 
technology  because  of  personal  fears  and  inhibitions. 
Many  in  this  group  stated  that  their  first  experience  widi 
technology  had  been  a  negative  one,  and  because  they  had 
not  seen  an)ropriate  examples  in  their  subject  area,  they 
lacked  ideas  of  how  technology  could  be  incorporated 
into  their  curriculum.  The  other  group  stated  the  lack  of 
available  hardware  and  software  precluded  their  entry  into 
technology  usage. 

Teachers  with  practices  more  common  to  the  tradition- 
alists view  of  education  also  had  a  low  level  of  technol- 
ogy implementation  in  the  classroom.  They  maintained 
very  structured  classrooms  with  higher  levels  of  disci- 
pline, emphasized  content  rather  than  processes,  closely 
followed  textbooks,  and  used  classroom  lectures  as  the 
major  means  of  teaching.  One  of  the  main  reasons  given 
for  their  not  using  technology  in  the  classroom  was  the 
viewpoint  that  it  was  too  disruptive.  When  technology 
was  used,  its  purpose  was  to  reinforce  basic  skills  or  boost 
motivation  rather  than  enhance  the  curriculum. 

None  of  these  groups  in  Honey  and  Moeller' s  study 
felt  that  they  had  received  adequate  instruction  on  the  use 
of  technologies  in  the  classroom.  Even  those  with  a  high 
level  of  implementation  stated  that  their  formal  training 
had  been  less  than  desirable,  and  that  they  had  mastered 
aspects  of  the  technology  because  they  were  highly 
motivated  and  had  used  their  own  time  to  learn  it. 

We  can  conclude  from  this  that  if  we  desire  to 
increase  the  use  of  technology  in  schools,  we  need  to  alter 
the  pedagogical  orientation  of  the  educator  toward  a  more 
child-centered  view,  insure  that  the  amount  of  available 
technology  for  use  by  the  faculty  is  adequate,  and  insure 
that  tlic  type  and  degree  of  training  in  the  use  of  technol- 
ogy is  appropriate  to  transfer  skills  to  the  classroom. 


AdministroKve  Concerns 

While  early  literature  on  increasing  technology  use  in 
schools  focused  on  a  grass-roots  approach  emphasizing 
the  role  of  the  teacher,  more  recent  research  has  recog- 
nized that  administrators  may  hold  to  the  key  to  the  long- 
range  success  of  any  technology  plan  (Finkel,  1990).  Not 
only  is  technology  usage  required  if  administrators  are  to 
be  effective  instructional  leaders,  decision-makers,  and 
managers  (Bozeman,  Rancher,  &  Spuck,  1991),  but  only 
when  faculty  see  chief  administrators  using  technology 
will  they  feel  the  need  to  learii  it  themselves  (Barker, 
1990). 

In  a  case  study  of  three  schools  in  San  Diego  County 
that  are  successfully  integrating  technology  and  teaching, 
Wibiirg  (1991)  found  that  common  to  all  successful 
schools  were  strong  administrators  who  were  strong  users 
of  the  technology  themselves.  In  addition,  these  schools 
had  a  collaborative  relationships  with  outside  agencies, 
parent  groups,  and/or  university  affiliations;  technology 
plans  that  called  for  empowering  teachers  to  use  technol- 
ogy; easy  access  to  sufficient  hardware  and  software  to 
build  a  critical  mass  of  users;  and  leaders  who  were 
working  toward  restructuring  of  teaching  and  learning  in 
their  schools.  Additionally,  administrative  functions 
identified  by  Hrestone  (1989)  to  successfully  integrate 
technology  into  the  classroom  included  providing  and 
selling  the  vision  to  the  community  and  faculty;  obtaining 
resources  such  as  time,  pe  rsonnel,  knowledge,  materials, 
and  facilities;  providing  encouragement  and  recognition 
for  teachers  successfully  making  the  transitioa;  adapting 
standard  operating  procedures  which  necessitate  using 
technology;  monitoring  the  reform  effort  by  regularly 
meetings  with  teachers;  and  solving  technology  related 
problems  quickly. 

Given  the  positive  and  necessary  relationship  between 
administrative  use  and  advocacy  of  technology,  what 
variables  seem  to  influence  administrators  to  join  the 
information  age?  Bloom  (1991),  in  a  recent  dissertation, 
found  that  the  amount  of  exposure  and  training  had  a 
direct  impact.  Administrators  who  participated  in  an 
Administrators'  Technology  Academy  (ATA)  held 
weekly  over  several  months  indicated  that  they  perceived 
technology  as  being  more  useful  in  education  and  society 
than  did  ATA  non-participants  (who  generally  saw 
technology  as  a  threat  to  education  and  society).  In 
addition,  the  ATA  administrators  made  sipificantly  more 
use  of  computers  both  in  the  office  and  at  home  than  did 
non-participants. 

Current  Training 

From  the  previous  discussions,  it  appears  that  training 
is  a  critical  component  in  the  integration  of  technology  for 
both  administrators  and  teachers.  Unfortunately,  technol- 
ogy training  in  education  has  been  neglected  and  will 
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probably  continue  to  suffer  with  the  current  economic 
conditions.  It  was  recently  reported  that  only  a  third  of  all 
public  school  teachers    ve  bad  ten  or  more  hours  of 
computer  training  (Business  Week,  1989).  Not  only  is  tbis 
amount  of  time  inadequate  in  terms  of  providing  relevant 
skills  and  knowledge,  but  the  majority  of  this  tune  was 
spent  on  learning  how  to  operate  the  machines,  not  on 
how  they  could  be  used  to  integrate  technology  mto  the 
educational  process.  In  addition,  training  for  administra- 
tors in  the  use  of  technology  for  either  mstrucdon  or 
management  is  still  a  glaring  absence  in  most  state's 
administrative  credential  programs. 

Traditionally,  educational  change  m  classroom 
practices  have  been  approached  through  in-service 
training  (Browne  &  Ritchie,  1991).  Although  educators 
often  leave  these  training  sessions  energized  with  new 
knowledge,  in-service  training  seldom  has  lasting  effects. 
This  occurs  because  these  workshops  often  (a)  focus 
solely  on  the  wonders  of  Ihe  technology,  ignore  the  needs 
of  individuals  mvolved  in  the  change  (Kinna.nan,  1990), 

(b)  lack  focus  on  solving  actual  educational  problems,  and 

(c)  do  Uttle  to  help  U^sfer  the  skills  to  actual  classroom 
implementaUon  (Boe,  1989;  Showers,  1990).  This  non- 
transference  problem  has  been  explored  by  Hord, 
Rutherford,  Huling-Austin,  and  Hail,  who  contend 

One  of  the  most  conunon  serious  mistakes  made  by 
both  the  administrators  and  leaders  of  a  change  process  is 
to  presume  that  once  an  innovation  has  been  inu-oduced 
and  initial  training  has  been  completed  the  intended  users 
will  put  the  innovation  into  practice.  (1987,  p.l). 

Solutions 

Trying  to  facilitate  change  in  schools  is  not  an  easy 
task.  The  very  structure  of  education — ^its  conserving 
nature — ^is  the  major  obstacle  to  change  (Postman,  1979). 
Traditional  perceptions  of  what  teaching,  learning,  and 
knowledge  should  look  like  (i.e.,  lectures  for  delivering 
instruction,  learning  as  compiling  facts,  and  knowledge  as 
the  ability  to  repeat  facts)  are  major  limiUng  factors  to 
integradng  technology.  Unless  we  restructure  our  view  of 
education,  the  system  wiU  continue  to  stagnate. 

According  to  Tucker  (1992),  restructuring  schools  is  a 
necessary  foundation  for  both  enriching  instruction  and 
tapping  technotogy.  He  suggests  that  although  we  know 
that  technology  can  help  students,  mandated  curriculum 
and  its  assessment  hold  students  back. 

(Dhe  only  way  to  unleash  the  fuU  benefits  of  technol- 
ogy—to let  the  genie  out  of  the  botde— is  to  radically 
restructure  schools  for  high  performance.  We  must 
ensure  that  the  new  curriculum  these  technology-based 
tools  make  possible  is  the  curriculum  that  is  valued  by 
the  system.  We  must  ensure  that  the  kind  of  active 
learning  now  within  reach  is  the  kind  of  learning  that 
is  reward  by  the  system,  (p.  50). 


Not  only  do  we  need  to  change  the  way  in  which  we 
view  teaching,  leammg,  and  knowledge,  but  we  must  also 
change  the  way  m  which  we  train  the  users  of  the  technol- 
ogy. The  U.S.  Office  of  Technology  Assessment  (1988) 
suggests  that  if  technology  is  to  take  hold  m  schools, 
teachers  will  need  to  have  more  '*how  to"  training,  a 
clearer  vision  of  what  technologies  are  available,  how  the 
technologies  should  be  used,  and  why  technology  can 
make  a  difference.  In  addition,  educators  need  to  be 
supported  in  their  leammg  by  individuals  who  are 
available  and  willing  to  serve  as  personal  mfonnants  and 
troubleshooters,  and  to  give  advice  and  support  on  how  to 
integrate  technology  into  their  curricula. 

Because  of  the  discrepancies  in  teachers'  knowledge 
of  educational  technology  and  the  contmual  enhance- 
ments of  hardware  and  software,  the  Cahfomia  Technol- 
ogy Project  Assessment  Team  suggests  that  staff  devebp- 
ment  be  an  ongomg  process  (1991).  Rather  than  the 
traditional  one-shot  inservice,  they  recommend  the  use  of 
mentors  at  school  sites  to  work  with  teachers  as  part  of  an 
on-the-job  £q)proach.  But  how  can  these  mentors  maxi- 
mize their  influence?  One  possible  solution  is  to  employ 
the  concepts  found  within  the  cognitive  apprenticeship 
appror  a  to  integrating  technology  into  the  classroom 
(Browne  &  Ritchie,  1991). 

instruct  wHt^  Relevant,  Group-Based  Activ'rties 

There  are  at  least  three  reasons  why  information 
received  during  an  inservice  fails  to  be  implemented  in 
classrooms  situations.  These  include:  (a)  failure  to 
conduct  a  needs  analysis  to  identify  knowledge  required 
by  users;  (b)  presentations  limited  to  factual  knowledge 
which  omit  higher  level  tiiinking  strategies;  and  (c)  failure 
to  mcorporate  activities  which  are  relevant  to  die  audience 
in  a  collaborative,  problem  solving  approach. 

Although  school  restructuring  is  beginning  to  allow 
teachers  a  greater  say  m  tiie  activities  of  Uieir  school, 
most  inservice  topics  are  still  dictated  by  a  central 
authority,  often  witii  UtUe  regard  to  actual  needs  (Rossett, 
(}artx)sky,  &  Brown,  1992).  Without  an  identification  of 
current  conditions  and  fumre  expectations  of  the  school 
and  staff,  inservice  material  is  often  too  advanced,  too 
remedial,  or  not  apphcable.  Interviews  and  observations 
on  tiie  skill  and  knowledge  level  of  Uie  staff  could  be  used 
to  not  only  gain  die  required  knowledge  to  help  insure 
Uiat  traming  content  is  applicable,  but  also  to  provide  die 
staff  widi  the  knowledge  that  dieir  ideas  are  important. 

Second,  it  is  Important  that  insUDCtors  focus  on 
providing  heuristics  and  metacognitive  strategies  m 
addition  to  factual  knowledge.  Unless  die  u^ner  is  able  to 
step  away  from  basic  knowledge  and  begin  to  include 
higher  level  dimking  skills,  the  learner's  ability  to  apply 
information  to  novel  situations  and  solve  problems 
independenUy  wiU  be  limited  (Wilson,  1991). 
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Third,  as  information  is  presented,  activities  used  by 
the  trainer  should  be  as  authentic  as  possible,  developed 
within  the  context  of  their  aj^lication,  and  presented  to 
educators  grouped  into  subject  domains,  grade  levels,  or 
administrative  functions.  This  allows  the  learners  to  not 
only  see  the  relevance  of  the  instruction  but  also  receive 
the  necessary  exposure  to  applications  which  can  be 
directly  incorporated  into  daily  activities.  Unless  the 
concepts  arc  framed  in  terms  of  the  pressing  problems 
faced  by  teachers  and  administrators,  retention  of  the 
material  will  be  low  (Collis,  1988). 

Model  Developing  Intellect 

In  addition  to  modeling  how  technology  can  be  used 
in  the  educational  practices,  it  is  important  to  model  the 
intellectjai  development  needed  for  expert  technology 
use.  This  process  should  include  information  not  only  on 
how  the  expert  encodes  and  retrieves  knowledge,  but  also 
on  cognitive  traps  to  expect  (such  as  dead  ends,  false 
starts,  etc.)  and  how  to  develop  appropriate  solutions. 

Sharing  knowledge  on  cognitive  development  helps 
the  novice  learner  because  it  provides  an  advance  orga- 
nizer, which  allows  the  users  to  concentrate  on  perfor- 
mance of  tasks  instead  of  wcxrying  about  mistakes;  a 
cognitive  framework  to  help  the  learner  interpret  feed- 
back; an  internalized  guide  for  periods  of  successive 
approximation  during  practice;  a  social  context  to  show 
that  expertise  is  pu>gressive;  and  a  benchmark  for 
measuring  progress  (Collins,  Brown,  &  Newman,  1989). 
Novices  exposed  to  trainers  who  model  the  progressive 
nature  of  knowledge  growth  often  have  reduced  fears  and 
develop  the  confidence  to  pursue  the  use  of  technology  in 
their  clasr  oms  and  jobs. 

Coach  to  Accelerate  Leorning 

The  failure  of  in-service  training  is  often  due  to  a  lack 
of  follow-up  meetings  after  the  initial  presentation. 
Coaching,  define  as  "an  observation  and  feedback  cycle 
in  an  ongoing  instructional  or  clinical  situation"  (Joyce  & 
Showers,  1981,  p.  170),  has  been  identified  as  the  most 
critical  component  in  transferring  workshop  information 
to  classroom  application. 

Two  conunon  coaching  methods  used  after  training 
include  one-toone  tutoring  between  a  novice  and 
experienced  mentor,  and  a  cooperative  group  of  grade- 
level  or  domain-specific  educators.  The  purpose  of 
coaching  is  to  meet  the  needs  of  individual  or  small 
groups  of  teachers  by  engaging  in  a  variety  of  activities  to 
stimulate  cognitive  growth. 

A  common  role  for  a  coach  is  to  help  clarify  concepts 
or  instructional  techniques  which  are  problematic  to  the 
learner.  This  can  be  done  when  the  coach  paraphrases  the 
information  into  different  words,  provides  additional 
examples  to  help  clarify  the  information,  or  reorganizes 


the  information  into  relevant  relationships  or  procedures 
applicable  to  the  individual. 

Coaches  also  provide  assistance  when  the  learner  has 
the  basic  knowledge  but  can't  quite  put  the  pieces 
together.  This  allows  the  learner  to  come  to  the  proper 
conclusions  by  building  on  their  knowledge  with  hints 
and  suggestions  as  to  bow  a  task  may  be  solved,  or  by  the 
coach  completing  one  segment  of  a  larger  task.  This 
process  also  helps  novice  learners  develop  a  sense  of  self- 
esteem  and  confidence  which  often  carries  over  into  lata* 
tasks. 

A  further  activity  is  for  coaches  to  engage  learners  in  a 
series  of  problem-solving  experiences.  This  allows  the 
learners  a  means  to  assess  their  knowledge,  identify 
aipropriate  places  in  the  curriculum  to  use  newly  ac- 
quired skills,  and  create  strategies  for  implementing 
newly  discovered  knowledge. 

These  coaching  strategies  are  applicable  to  both 
teacher  and  administraror  uaining.  During  the  Adminis- 
trators' Technology  Academy,  the  formation  of  support 
groups  among  administraix)rs  struggling  to  implement 
technology  provided  friends  and  advisors  to  help  make 
decisions  on  purchasing  hardware,  software,  and  solving 
staff  development  problems. 

This  coaching  processes  does  more  than  provide 
addidonal  contact  between  the  learner  and  the  to-be- 
leamed  material.  Through  support,  direction,  and  guid- 
ance, the  cognitive  load  of  the  novice  is  lessened,  which 
in  turn  accelerates  the  learning  process  and  leads  to 
quicker  development  of  expertise. 

Ernpower  Educators 

To  help  teachers  and  administrators  incorporate 
technology  integration  into  their  long-terai  strategies, 
training  must  help  the  leamer  build  a  level  of  autonomy 
and  confidence  with  the  new  material.  This  involves  more 
than  simply  encoding  the  infonnation  in  a  cognitive  form. 
Some  strategies  to  help  achieve  this  goal  include  fading, 
where  the  support  structure  provided  by  the  coach  is 
gradually  removed;  articulation,  in  which  new  learners  are 
encouraged  to  verbally  express  their  newly  acquired 
knowledge  through  guided  questions  from  a  coach  or  in 
leading  cooperative  activities;  reflection,  in  which 
learners  compare  their  own  performance  to  the  perfor- 
mance of  an  expert  to  promote  self-monitoring  and 
diagnosis  skills;  and  exploration,  in  which  the  learners  are 
encouraged  to  try  new  tasks  on  their  own. 

These  four  components  of  instructing,  modeling, 
coaching,  and  empowering  within  the  cognitive  appren- 
ticeship approach  help  insure  that  material  presented 
during  the  in-service  training  is  transferred  to  actual 
educational  activities. 
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Conclusions 

Technology's  greatest  power  in  the  long  run  may  be 
the  way  in  which  its  use  causes  teachers,  administrators, 
and  students  to  rethink  teaching  and  learning.  Whether 
technology  use  facilitates  organizational  changes  in  the 
structure  of  teaching  and  learning  activities,  or  whether 
leaders  open  to  rethinking  schooling  are  more  open  to 
using  technology,  remains  unanswered.  However,there 
seems  to  be  a  relationship  between  schools  with  a  high 
degree  of  technology  implementation  and  those  rethinking 
the  process  of  education.  In  the  context  of  a  global 
information  age  where  change  is  inevitable,  restructuring 
education  with  tech^-^'ogy  has  the  potential  to  become  a 
catalyst  to  help  soJ  ^  uor  educational  slow  down. 

The  incorporauon  of  technology  in  school  settings 
does  not  come  without  a  price.  Administrators  must 
realize  that  change  takes  time,  energy,  and  resources.  The 
traditional  one-shot  inservice  does  little  to  help  transfer 
knowledge  to  classroom  practice.  Such  strategies  as  the 
cognitive  apprenticeship  approach,  where  relevant 
instruction  and  real-world  problems  are  combined  with 
continued  support  after  the  workshop,  are  needed  to 
insure  that  the  ideas  and  skills  developed  in  the  training 
are  transferred  to  the  classroom. 
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Introduction 

A primary  goal  of  staff  development  is  to  help 
educators  acquire  knowledge,  skills,  and 
perspectives  that  will  improve  instructional 
effectiveness  and  increase  productivity  through  the  use  of 
more  sophisticated  instructional  delivery  systems.  Within 
the  classroom  environment,  teachers  are  expected  to 
incorporate  new  technological  innovations,  methodolo- 
gies, and  ideas  into  practice.  This  growth  process  requires 
teachers  to  learn  new  technological  skills  and  applica- 
tions, explore  alternative  approaches  to  the  planning  and 
delivery  of  coatent,  creatively  analyze  new  situations,  and 
utilize  problem-solving  abilities  within  a  new  context.  It 
also  challenges  them  to  reconsider  personal  attitudes  and 
beliefs  held  abojjt  their  roles  as  educators  and  reexamine 
their  vision  of  technology's  place  in  society,  schools,  and 
their  own  lives.  These  changes  in  thinking  and  behavior 
require  teachers,  in  a  real  sense,  to  be  involved  in  the 
process  of  self-actualization.  According  to  Maslow*s 
theory  of  motivation,  educators  have  an  intrinsic  need  to 
engage  themselves  in  this  stretching  process  within  the 
highest  reahns  of  personal  and  professional  development. 

Moslow's  Model  of  ttio  Affective  Domain 

Abraham  Maslow  (1968, 1970)  developed  one  of  the 
most  prominent  theories  of  motivation.  Based  on  the 
perspective  that  human  needs  are  the  forces  that  prompt 
people's  behavior,  Maslow  suggested  that  we  are  moti- 
vated to  satisfy  five  categaies  of  needs  withm  the 
affective  domain: 

1.  Physiological  needs,  including  sustenance  needs  such 
as  food  and  water,  as  well  as  needs  for  physical 
comfort. 

2.  Safely  and  security  needs,  including  a  sense  of 
stability  and  the  freedom  from  fear  or  threat  of 
physical  or  psychological  harm. 

3.  Social  needs,  or  the  need  to  feel  accepted  by  others, 
receive  affection,  develop  friendships,  and  be  part  of  a 

group. 

4.  Self-esteem  fieeds,  including  both  a  need  for  positive 
self-regard  and  a  need  for  recognition  and  respect  from 
others. 

5.  Self-actualization  needs,  or  the  desire  to  acquire 
knowledge,  be  creative,  and  reach  one's  fullest 
potential. 

Maslow  (1968, 1970)  conceptualized  these  needs  in  a 
hierarchy  of  ascending  importance,  in  which  lower-level 
needs  generally  take  precedence  over  higher-order  needs, 
as  shown  in  Figure  1.  According  to  Maslow,  a  person's 
physiological  needs  would  have  to  be  satisfied  before  the 
next  level  of  need  (safety  and  security)  could  motivate 
behavior.  Maslow  asserted  that  only  when  basic  needs, 
the  lowest  four  needs  m  the  hierarchy,  are  met  can  the 
individual  become  motivated  by  self-actualization  or  the 


Astoff  clevek>pmentrYK)delfortechnolog!caicho^  273 


28G 


need  to  learn,  take  risks,  and  attain  the  highest  levels  of 
growth.  Staff  development  for  technological  change  can 
be  viewed  in  light  of  Maslow's  theory,  which  holds  strong 
implications  for  systematically  assistmg  and  responding 
to  teachers*  needs. 

Moslow's  Model  Applied  to  Stofi  Development 

Factors  influencing  teachers'  motivation  to  involve 
themselves  in  higher  levels  of  teaming  can  be  viewed 
within  the  context  of  Maslow's  hierarchy,  beginning  with 
basic  physiological  needs.  Research  has  shown  that 
teachers*  awareness  and/or  concern  about  their  physical 
comfCHt  within  a  staff  development  setting  is  foremost  in 
their  minds  (Bennett,  1991),  Simple  measures  can  be 
taken  during  training  sessions  to  increase  physical 
comfort  levels  including  frequent  breaks,  snacks  and 
drinks,  comfortable  chairs,  adequate  heat  and  light, 
materials  that  are  easy  to  read,  and  a  varied  pace  of 
learning  activities.  These  considerations  are  basic  to  any 
successful  staff  development  program. 

The  second  level  of  Maslow*s  hierarchy  holds  many 
implications  for  the  design  of  staff  development  programs 
for  technological  change.  Although  it  can  reasonably  be 
assumed  that  staff  development  activities  are  conducted  in 


a  setting  where  participants  feel  safe  from  physical  harm, 
research  indicates  that  teachers  often  do  not  feel  psycho- 
logically safe  when  exploring  the  use  of  new  technology 
(Herraiann,  1988).  They  describe  their  feelings  as 
"apprehensive,"  "unsure,"  "scared,"  ''nervous,"  "afraid," 
or  "anxious  "  and  are  afraid  of  breaking  something  or 
worried  about  losing  work.  They  don't  trust  themselves 
and  they  don't  trust  their  machines. 

Since  computers  and  other  instructional  technologies 
are  new  to  most  teachers,  many  staff  development 
participants  must  overcome  psychological  risks  and 
pressures  that  often  affect  individuals  as  they  venture  into 
learning  the  use  of  new  technology.  The  fear  generally 
experienced  and  known  as  "computer  anxiety"  can  be 
more  broadly  defined  as  "technology  anxiety"  to  include 
all  technological  innovations.  This  feeling  of  apprehen- 
sion interferes  with  learning  as  well  as  teachers'  ability  to 
integrate  technology  into  classroom  practice  (Hunt  & 
Bohlin,  1992). 

A  challenge  of  introducing  new  technology  into 
classroom  situations  is  to  enable  teachers  to  maintain  a 
positive  self-image  and  social  status  while  assisting  them 
in  acquiring  the  knowledge/skills  required  to  learn  to  use 
new  technology.  Any  practicing  professional  finds  it 
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difficult  to  acknowledge  they  know  little  or  nothing  about 
technological  tools,  such  as  computers,  commonly  used  in 
our  society.  No  one  likes  to  feel  stupid  or  incompetent  in 
the  eyes  of  his  or  her  peers  and  superiors,  and  teachers  are 
not  an  exception.  It  is  important  to  remember  that  when 
teachers  are  expected  to  learn  to  incorporate  new  technol- 
ogy into  classroom  practice,  they  move  from  feeling 
highly  competent  within  their  current  teaching  context  to 
feeling  not  so  competent  as  they  realize  they  are  lacking 
skills  critical  to  successful  teaching  in  the  future.  They 
must  become  self-actualized  again  within  a  new  techno- 
logical context,  which  steepens  their  uphill  journey  to 
remain  current  and  competent.  Lower  elementary  grade 
teachers  may  feel  particularly  resistant  to  embracing  new 
technological  devices  since  an  overwhelming  majority  of 
those  teachers  are  female  with  lilUe  cultural  preparation 
for  intimate  interaction  with  mechanical  devices. 

Bloom's  Model  of  the  Cognitive  Domain 

Benjamin  Bloom  (1956)  developed  one  of  the  best 
known  systems  for  classifying  behavior  within  the 
cognitive  domain.  He  conceptualized  a  taxonomy,  or 


hierarchy,  of  cognitive  processes  consisting  of  six  levels: 

1 .  Knowledge  involves  recall  or  recognition  of  specific 
information. 

2.  Comprehension  emphasizes  the  understanding  and 
organizing  previously  learned  information. 

3.  Application  requires  the  use  of  previously  learned 
information  in  a  new  context. 

4.  Analysis  refers  to  thinking  critically  about  uiformation 
by  breaking  it  into  parts, 

5.  Synthesis  involves  original  and  creative  thinking  about 
information  by  ccxnbining  ideas  to  create  a  new  whole. 

6.  Evaluation  reqmres  making  judgments  about  informa- 
tion based  on  identified  criteria. 

Like  Maslow's  hierarchy  of  needs.  Bloom's  taxonomy 
reflects  an  ascending  structure  of  classes  ranging  from 
simple  to  complex,  as  shown  in  Figure  2,  Facts-oriented 
reproductive  thinking  provides  a  basis  for  more  sophisti- 
cated, high-level  productive  and  critical  thinking. 
Bloom's  pamdigm  is  similar  lo  Maslow's  model  in  that 
each  level  of  his  taxon(Mny  makes  use  of  and  builds  upon 
the  preceding  classification  level. 
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Bloom's  Model  Applied  to  Staff  Devolopnnent 

Research  has  shown  that  half  of  all  classroom  teachers 
do  not  use  computers  as  part  of  their  instructional 
program  (OTA,  1988).  It  is  reasonable  to  conclude  that 
computers  are  excluded  frwn  teachers*  instructional 
practices  because  either  they  don't  have  the  equipment  or 
they  don't  know  how  to  use  it.  This  is  probably  the  case 
as  it  relates  to  classroom  use  of  any  technological 
innovation. 

Many  staff  development  programs,  with  a  goal  of 
advancing  teachers  technologically,  are  based  on  faulty 
assumptions  about  how  teachers  learn  to  integrate 
technology  into  classroom  practice.  If  we  look  at  learning 
to  use  computers  as  an  example,  the  first  inaccurate 
assumption  made  is  that  the  learning  involves  the  mastery 
of  only  one  knowledge  base,  or  one  set  of  skills,  like 
learning  to  tie  shoe  laces.  In  fact,  learning  to  use  a 
computer  is  a  complex  process  involving  the  develop- 
ment, understanding,  application,  and  integration  of  many 
knowledge  bases  and  sets  of  skills.  An  extensive,  multi- 
faceted  database  must  be  firsMeamed  and  mastered  on  a 
personal  level  before  teachers  are  ready  to  learn  how  to 
incorporate  the  new  technology  into  their  teaching 
repertoires  and  teach  smdents  how  to  use  it  to  aid  in  their 
own  learning. 

Another  faulty  assumption  underlying  the  design  of 
many  staff  development  programs  is  that  once  a  knowl- 
edge/skill base  is  developed,  teachers  will  automatically 
be  able  to  transfer  that  set  of  skills  to  a  new  setting 


without  modeling,  guided  practice,  feedback,  and  follow- 
up  assistance.  Without  suH>ort  and  guidance  in  applying 
new  skills,  teachers  feel  frustration  similar  to  that  most  of 
us  experienced  in  school  when  we  were  expected  to 
successfully  solve  a  page  of  story  problems  after  a  week 
of  nothing  but  drill  and  practice  of  facts.  Learning  at 
Bloom's  lower  levels  does  ensure  a  successful  leap  into 
the  higher  realms  of  the  cognitive  domain. 

Research  has  shown  that  there  is  a  strong  interdepen- 
dence between  the  cognitive  and  affective  reahns  of 
professional  growth  as  illustrated  in  Figure  3.  Educators 
involved  in  the  staff  development  process  will  feel 
motivated  to  engage  in  higher-level  learning  ac'avities 
only  after  basic  affective  needs  are  satisfied.  Therefore, 
staff  development  contexts,  processes,  and  activities 
which  facilitate  the  fulfillment  of  these  needs  will  result 
in  more  energy  expended  by  teachers  to  learn  new  skills 
and  information  (Bennett,  1991). 

A  Staff  Development  Model  for  Tect^nologicol 
Change 

Comprehensive  reviews  of  the  literature  show  that 
inservice  teacher  education  is  a  complex  system  consist- 
ing of  several  dimensions  that  can  influence  the  outcomes 
of  staff  development  programs  (Gall,  Haisley,  Baker,  & 
Perez,  19S2;  Gall  &  Renchler,  1985;  OTA,  1988).  The 
model  shown  in  Figure  4  groups  the  elements  of  effective 
staff  develoiMnent  for  technological  change  into  three 
categories  including  technological  goals  and  content,  staff 


Figure  3 

Interdependence  Between  the  Cognitive  and 
Affective  Realms  of  the  Individual 
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Goals  mesh  with  school  distrk:t  philosophy 
Measurable  outcomes  for  teachers/students 


Figure  4 

A  Staff  Development  Model  for  Technological  Change 


development  processes,  and  organizational  context  The 
teacher  as  learner  is  represented  as  a  whole  person  at  the 
center  of  !he  model.  The  individual's  interactive  internal 
processes  (see  Figure  3)  influence  and  are  influenced  by 
an  external  change  environment. 

Orgonizotional  Context 

Research  suggests  that  the  organizational  context  or 
environment  of  staff  development  efforts  significantly 
influences  the  implementation  of  new  technologies.  A 
staff  development  program  focused  on  technological 
change  should  be  viewed  as  a  long-term  change  effort, 
supported  by  adequate  resources  and  steady  funding  over 
a  period  of  time.  The  program  should  have  strong 
administrative  backing,  where  principals  take  an  active 
role  in  training  activities  and  provide  teachers  with  the 
follow-up  support  necessary  for  the  effective  transfer  of 
technological  skills  into  the  classroom  setting.  An 
effecUve  program  promotes  the  development  of  close, 
personal,  and  coUegial  working  relationships  among 
educators  and  allows  teachers  adequate  access  to  the  new 
technology  (Jones,  1989;  OTA,  1988). 


TechnologicQl  Gocis  cuid  Content 

Staff  development  programs  are  most  effective  when 
teachers  are  involved  in  the  planning  process  (Locke, 
1985).  Inservice  activities  ought  to  have  goals  and  content 
that  are  explicit,  operational,  and  relevant  to  the  needs  of 
teachers,  particularly  those  needs  relating  to  the  integra- 
tion of  technologies  within  their  content  areas.  Addition- 
ally, staff  development  goals  should  comfortably  mesh 
with  the  school  district  philosophy  concerning 
technology's  place  in  education  and  society.  The  com- 
plexity of  teacher  objectives  and  inservice  content  should 
be  considered  in  determining  the  length  of  time  needed  to 
accomplish  staff  development  goals.  Measurable  out- 
comes for  teachers  and  students  are  important  in  assessing 
program  effectiveness  (OTA,  1988). 

Staff  Developnnent  Processes 

Research  offers  strong  support  for  the  notion  that  an 
extensive  training  and  implementation  program  is 
necessary  to  affect  the  integration  of  technology  into 
teaching  practices.  Inservice  activities  should  be  diverse 
in  nature,  and  include  effective  content  delivery,  model- 
ing, practice,  feedback,  and  follow-up  support  (Joyce  & 
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Showers,  1980).  Staff  development  programs  are  likely  to 
be  successful  to  the  degree  that  instructors  are  good 
communicators,  are  or  have  been  teachers  themselves, 
and  are  able  to  model  the  skills  they  are  teaching  others 
(Vacca,  1983).  The  design  and  delivery  of  staff  develop- 
ment activities  should  be  based  on  individual  differences 
such  as  preferred  learning  modes,  learning  pace,  experi- 
ence, and  background,  as  well  as  adapted  to  teachers' 
changing  needs  and  concerns  (Knox,  1987).  Also,  staff 
development  activities  are  most  effective  when  spaced 
over  time  to  allow  teachers  the  opportunity  to  reflect  upon 
and  gradually  integrate  new  technological  skills  into 
classroom  pracUce  (Jones,  1989;  Sparks,  1983;  OTA, 
1988). 

Conclusion 

From  a  teacher*  s  point  of  view,  self-actualization 
means  becoming  the  best  teacher  you  can  be  through  the 
proper  use  of  a  variety  of  methods  within  the  context  of 
teaching  and  learning.  Staff  development  programs  for 
technological  change  enhance  teachers'  quest  for  self- 
actualization  as  they  provide  teachers  the  opportunity  to 
increase  their  productivity  and  creativity  through  the  use 
of  sophisticated  technological  delivery  systems.  Success- 
ful transfer  and  integration  of  new  technological  knowl- 
edge/skills into  practice,  however,  is  a  complex  process 
requiring  a  long-term  perspective  and  the  design  of 
learning  contexts  which  support  teachers'  cognitive  and 
affective  needs. 
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A  realistic  approach  to 
technology  in  teacher 
education 

Martha  C.  Yopp 
University  of  Idaho 


Preservice  teachers  are  graduating  from  accredited 
teaciier  education  programs  in  the  United  States 
without  knowing  how  to  use  a  computer— whether 
as  a  word  processor,  to  help  with  the  calculaOon  of 
grades,  or  to  make  signs  and  banners  to  decorate  their 
classroom;  let  alone  understand  and  use  the  computer  as 
an  instructional  tool  or  engage  in  teleconmiunication 
activities.  This  is  very  wrong  and  it  can  cost  them  a 
teaching  position. 

In  Long  Island,  New  York  and  Lewiston,  Idaho 
administrators  are  voicing  their  intent  to  hire  teachers  and 
administrators  who  have  computer  skills. 

Long  Island,  NY,  Superintendent  of  Schools,  Henry  P. 
Reed,  states  that  his  district  plans  to  mploy  teachers  and 
administrators  only  if  they  demonstrate  computer  literacy 
in  word  processing,  spreadsheets,  graphing,  and  data 
bases.  Candidates  wjtio  have  this  technical  training  will  be 
hired;  those  who  do  not*  face  rejection  (Beaver,  1992, 
p.2). 

Steve  McRae.  principal  at  Sacajawea  Junior  High  in 
Lewiston,  ID,  has  a  similar  position.  For  this  reason  and 
others,  it  is  imperative  that  all  new  teachers  and  all 
teachers  seeking  recertification  be  required  to  take  a 
comprehensive  course  in  educational  technology. 

Why  aren't  teacher  education  majors  receivmg 
instruction  m  computer  literacy  and  applications?  One 
reason  is  computer  anxieties  that  interfere  with  the 
learning  process  (Webler,  1992). 

The  first  computer  course  a  person  takes  should  teach 
computer  basics  and  applications.  It  should  be  flexible 
and  friendly  because  the  design  and  expectation  are 
crucial  to  snjdent  success.  The  beginning  course  will  then 
provide  a  foundation  to  build  upon  with  additional 
computer  courses  and  applications  (Webler,  1992). 

SUNY  Collogo,  Buffalo,  NY,  Stud/ 

In  1989,  300  elementary  education  majors  at  SUNY 
were  surveyed  to  determine  their  current  level  of  com- 
puter competence.  The  study  was  replicated  in  1991.  In 
1989  nearly  one-quarter  of  the  students  had  never  used  a 
microcomputer.  By  1991,  the  figure  had  dropped  to  19 
percent  but  that  is  still  too  high.  Moreover,  in  1991, 31 
percent  of  the  students  had  never  used  a  microcomputer  in 
any  college  course,  and  they  rated  their  ability  to  use  the 
miCTOcomputer,  as  a  productivity  tool,  either  "low'*  or 
"nonexistent."  TTie  study  revealed  that  students  do 
recognize  their  deficiency  and  two-thirds  rank  learning  to 
use  a  miaocomputer  more  effectively  as  either  **a  top 
priority**  or  "very  important** 

University  of  Idoho  Stud/ 

The  University  of  Idaho  is  assessing  the  level  of 
computer  literacy  of  all  teacher  education  majors.  A 
computer  literacy  and  usage  survey  was  administered  to 
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students  enrolled  in  Educational  Psychology  during  the 
spring  of  1992.  A  more  detailed  survey  was  administered 
to  a  different  group  of  education  majors  in  the  fall  of 
1992.  The  spring  survey  revealed  that  33.8  pwcent  of  the 
students  had  never  had  a  computer  course,  and  26  percent 
of  the  graduating  seniors  had  not  had  a  computer  course. 

The  fall,  1992,  survey  was  completed  by  85  education 
majors.  Two-thirds  were  female.  Forty-one  percent  were 
elementary  education  majors,  forty-four  percent  were 
secondary  majors,  and  the  remainder  were  in  sp^ial 
education,  or  preparing  to  teach  at  the  post-se«)ndary 
level. 

Age  ranged  from  19  to  39  but  two-thirds  of  the 
students  were  tradiUonal  age  (19-22  years  of  age)  mean- 
ing they  have  been  in  high  school  and  college  during  the 
''microcomputer  revolution''  that  has  taken  place  during 
the  past  five  to  seven  years.  Eighty-five  percent  of  the 
students  were  undergraduates. 

Twenty -two  percent  of  the  teacher  education  candi- 
dates canr-^t  type  and  another  twenty-one  percent  type  at 
less  than  40  words  per  minute.  The  level  of  computer 
confidence  expressed  by  the  education  majors  was  mixed. 
Although  93  percent  report  having  the  ambition  to 
understand  computers  better  and  68  percent  reports  they 
do  not  get  nervous  thinking  about  computers,  thirty-three 
percent— one-third— report  they  do  get  nervous  thinking 
about  computers.  Eighty-eight  percent  prefer  using  a 
computer  to  a  typewriter  but  45  percent  rarely  or  never 
compose  at  a  computer  and  48  percent  rarely  or  never 
pride  themselves  in  solving  computer  problems. 

V/hdt  is  Technology? 

Technology  is  the  invention  of  any  tool  that  makes  a 
task  easier.  The  inventions  of  the  wheel,  the  gasoline 
engine,  electricity,  and  the  computer  are  all  technological 
inventions  (Bartholome,  1992).  Business  and  industry  are 
using  electronic  tools  in  innovative  but  practical  ways  to 
help  solve  problems  and  improve  decision-making.  In 
education  we  should  be  doing  the  same. 

Technology  and  Education 

Modem  technology  makes  individualization  of 
instruction  possible  for  the  first  time.  There  is  no  need  to 
continue  the  system  of  grade  levels  or  ability  grouping. 
Teachers  no  longer  need  to  teach  to  the  middle  of  the 
class.  Through  technology,  a  mastery  approach  to 
learning  is  possible.  Students  are  allowed  and  encouraged 
to  learn  at  different  paces.  Students  of  different  ages  and 
abilities  can  learn  independently,  given  the  same  locaUon 
and  time  frame.  Many  advocate  the  return  to  community 
schools  and  the  integration  of  students  with  different  ages 
and  ability  levels.  Nowhere  in  society,  other  than  public 
schools,  are  human  beings  grouped  together,  for  long 
periods  of  time,  based  solely  on  age.  The  goal  should  be 


the  mastery  of  educational  objectives  by  each  student,  not 
the  promotion  to  the  next  grade  every  spring. 

Interactive  Technoiooy 

InteiBCtive  communications  are  under  the  control  and 
pace  of  the  user.  This  results  in  a  more  effective  exchange 
of  information.  When  microcomputers,  telephones,  and  a 
modem  arc  tied  together,  the  amount  of  information  and 
enrichment  activities  available,  at  affordable  prices,  is 
amazing.  It  can  and  should  be  the  responsibility  of  every 
teacher  in  America  at  least  to  learn  interactive  communi- 
cation and  then  to  teach  students  the  use  of  electronic 
technologies;  to  transmit,  store,  retrieve,  and  manipulate 
data  through  the  use  of  computers  and  the  telephone. 
Anymore,  these  tools  should  not  be  considered  high-tech. 

Later,  student  desks  should  be  replaced  with  computer 
work  stations  that  ?te  networked  with  other  students  and 
teachers  in  the  school,  and  the  world  at  large.  Computers 
and  video  cameras  allow  for  the  creation  of  our  own 
instructional  materials.  These  devices  are  the  new  pen  and 
paper,  the  new  chalk  and  eraser,  the  new  textbook  and 
reference  materials  (Frisk,  1991). 

Books  are  heavy,  become  out-of-date  rapidly,  and  can 
be  inaccurate  or  misleading.  How  much  better  to  examine 
the  thoughts  and  ideas  of  a  variety  of  authors  in  the  real 
world  event's  context  The  laser  disk  and  interactive 
technologies  are  more  flexible  and  can  be  updated 
frequently.  An  enormous  amount  of  information  can  be 
stored  on  a  small  disc.  Video  and  satellite  transmission 
can  bring  a  wide  variety  of  teachers  and  guest  speakers 
into  the  classroom.  Resources  can  be  tapped  which  are 
aK)ropriate  for  all  sttidents  including  the  gifted,  the  at- 
risk,  and  the  culturally  diverse. 

Ihink  Big 

How  might  schools  be  different  if  electronic  informa- 
tion technologies  were  used  to  deliver  instruction  to 
students  through  computer  tutorials,  simulations,  guided- 
practice  exercises,  interactive  videos,  and  hypermedia. 
Several  basic  changes  would  take  place.  Students  would 
have  many  teachers  who  would  communicate  with  them 
via  the  technology.  Students  usmg  a  computer  simulation 
receive  feedback  that  allows  the  individual  student  to 
have  more  control  over  the  pace  of  their  learning.  The 
teacher  has  the  time  to  establish  a  more  individualized 
relationship  with  each  student.  The  teacher  is  more  of  a 
student's  learning  experience's  manager,  hjis  more  tune  to 
get  to  know  students  personally  and  to  make  adjustments 
for  their  unique  situations  (Frick,  1991). 

Hypermedia  enhanced  instruction  provides  informa- 
tion from  multiple  sources  that  can  be  searched,  organized 
and  retrieved  by  the  user  according  to  individual  needs 
(Betts,  1991). 

Hypermedia  presentations  may  still  be  out  of  most 
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public  school  teacher's  reach  but  computers  have  already 
proven  their  effectiveness  in  providing  students  with 
learning  opportunities  that  go  beyond  what  is  possible 
through  traditional  readings,  lectures,  discussion  groups, 
and  lab  experiments.  Studies  have  shown  that  when  used 
effectively,  as  part  of  a  total  educational  experience, 
computers  inaease  student  engagement^  add  realism  to 
instruction,  augments  laboratory  experiences,  encourage 
inferential  thinking,  promote  sidll  mastery  and  under- 
standing of  basic  principles. 

Con  W«  Afford  Not  To? 

Using  a  word  processor,  rather  than  a  typewriter  or 
paper  and  pen,  is  effective  in  improving  student  writing 
activities.  In  math,  the  computer  reduces  the  amount  of 
time  student's  number-crunch  and  provides  more  time  to 
do  sophisticated  activities  involving  higher  order  thinking 
and  learning  skills.  The  same  is  true  in  accounting, 
financial  management,  and  economics,  as  well  as  science, 
social  science,  ait  and  music.  Computers  can  be  used  to 
teach  tiaditional  students  a  foreign  language  and  to  teach 
foreign- speaking  students  English.  Computers  can 
improve  reading  and  reduce  illiteracy  in  older  students 
and  adults.  Computers  can  provide  students  with  prescrip- 
tive practice  and  self  assessment. 

Computers  are  no  longer  expensive  when  compared  to 
the  cost  of  maintaining  a  physical  plant,  busing  students 
from  place  to  place,  paying  teachers  and  support  person- 
nel, buying  text  books — which  are  not  read  nor  relevant — 
and  financing  all  the  activities  associated  with  sports  plus 
extra-curricular  activities. 

The  lag  between  technology  and  education  is  only 
going  to  get  worse  if  we  do  not  bite  the  bullet  right  now 
and  require  that  all  teachers  be  required  to  take  a  course  in 
educational  technology,  those  school  boards  and  adminis- 
trators work  hard  to  get  computers  into  the  hands  of 
students,  and  that  teachers  be  required  to  use  technology 
to  help  better  address  the  individual  needs  of  all  students. 

Whet  Needs  to  be  Done  First 

At  SUNY  an  instructional  technology  course  is  being 
offered  which  will  help  education  majors  use  technology 
to  enhance  their  professional  productivity.  The  goal  will 
be  to  help  students  master  word  processing,  data  base 
management,  spreadsheet  manipulation,  chart  develop- 
ment, and  telecommunications  procedures  to  enhance 
their  productivity.  In  addition,  students  will  be  introduced 
to  methods  of  integrating  these  tools  into  classroom 
instruction  (Beaver,  1992). 

At  the  University  of  Idaho,  a  microcomputer  applica- 
tions class  for  teachers  K-12  is  being  developed  which 
will  include  using  a  computer  for  v/ord  processing, 
electronic  grade  books,  keyboarding  in  the  elementary 
schools,  the  merging  of  addresses  with  a  letter,  graphics. 


using  a  modem,  how  to  manage  a  local  area  network 
(LAN),  and  using  computer-aided-instruction  (CAI). 

These  efforts  aie  to  be  commended  and  wQl  provide  a 
computer  knowledge  base  for  all  educators  who  take 
them.  These  courses  should  be  required  and  should  be 
made  available  in  convenient  locations  for  teacher  in- 
service  and  professional  development. 

The  Next  Step 

Although  computers  and  teleconununications  have 
altered  the  way  business  and  industries  do  business,  they 
are  used  far  less  in  schools.  Innovative  and  experimental 
projects  are  taking  place  but  they  are  scattered  and  the 
pi(Cture  is  cloudy  (Cuban,  1992). 

'School  reformers  have,  and  are,  turning  to  computers 
and  technology  as  a  solution  for  motivating  students, 
reaching  students  with  different  learning  style,  and 
providing  for  more  prescriptive  instructional  experi- 
ences. The  results  are,  at  best^  mixed. 
Larry  Cuban,  1992,  professor  of  Education  at 
Stanford,  has  identified  three  possible  scenarios  of 
computers  and  technology  in  public  schools  by  the  year 
2,000: 

1.    The  technophile's  dream:  electronic  schools  with 
computers,  software,  and  wiring  to  acccnnmodate  varied 
groupings  of  students  working  at  electronic  desks. 

2.  Tbe  cautious  optimist's  scenario  whereby  computers 
in  classrooms  will  yield  a  slow  but  steady  movement 
toward  fundamental  changes  in  teaching  and  learning. 

3.  The  preservationist's  scenario  whereby  computers  are 
placed  in  schools  to  reinforce  traditional  ways  of 
teaching,  learning,  grouping,  and  curriculum. 

Cuban  asks  which  of  these  scenarios  is  most 
likely  to  occur  in  large  numbers  by  the  year  2,(X)0.  He 
believes  that  the  most  likely  model  to  prevail  is  the 
cautious  optimist  scenario  that  is  one  of  a  slow,  but 
steady,  growth  of  computers  in  schools,  on-going  training 
and  support  for  teachers,  a  shift  from  teacher-centered 
classrooms  to  students  working  with  peers  and  assuming 
responsibility  for  their  own  learning.  Schools  become 
creative  mkes  of  the  old  and  the  new,  bringing  them 
more  in  sync  with  society  as  a  whole. 

The  optimist  scenario  is  the  most  realistic  and  achiev- 
able. Schools  move  toward  the  21st  Century  using 
computers  and  technology  to  gradually  effect  permanent 
and  positive  changes  in  all  classes  and  disciplines  K-12  in 
a  sequenced,  cooperative,  coordinated  effort. 
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The  classroom  of  the  future  will  present  several 
different  types  of  technologies  for  both  teachers 
and  students  to  use  to  facilitate  student  leanung. 
At  prcvsent,  however,  there  is  a  striking  dichotomy 
between  technology  and  the  classroom.  On  the  one  hand, 
there  is  a  strong  belief  that  technologies  can  tiansform 
student  learning;  the  kaowledge  of  how  to  use  technolo- 
gies, however,  is  often  limited  to  specialized  practitioner. 
At  the  same  time,  classroom  teachers  are  being  chal- 
lenged to  abandon  traditional  modes  of  teaching  and  to 
substitute  more  student-oriented,  active  types  of  learning, 
using  alternative  types  of  assessments.  How  technology 
fits  into  this  revised  picture  of  the  classroom  is  often 
mysterious  to  teachers. 

What  is  needed  is  a  new  type  of  classroom  teacher, 
one  who  can  combine  advances  in  curricula  knowledge 
and  assessment  with  the  use  of  technologies  to  facilitate 
these  newer  learning  processes.  This  paper  describes  how 
this  new  teacher  could  be  trained  and  outlines  a  demon- 
stration program  for  teacher  education  candidates  that 
facilitates  the  linking  of  curriculum  and  technology. 

Teachers  invariably  ask  simple  questions  of  new 
techniques  and  technologies:  How  can  these  innovations 
help  me  do  a  better  job  in  the  classroom?  How  will  they 
help  facilitate  student  learning?  Will  they  facilitate  goals 
and  expectations  that  I  already  have  for  students?  On  the 
technological  side,  answer^  to  these  questions  ai«  oflen 
not  straightforward.  New  advances  in  computing,  or 
conununications,  or  multimedia  applications  are  touted  in 
their  own  right  as  being  revolutionary,  long  before  any 
evidence  suggests  how  beneficial  they  might  actually  be 
in  the  classroom. 

To  produce  this  iKw  type  of  teacher,  a  tiaiiiing  program 
must  first  examine  bow  technologies  can  fiacilitaie  learning  in 
the  classroom.  To  accomitoh  this  goal,  techncA)gies  mu  st  be 
categorized  as  to  how  they  help  promote  student  learning .  Tbe 
foDowing  section  outlines  a  grouping  of  technok)gies  hum  this 
learning  per^Dective. 

Ir^ructionol  Uses  of  Technology 

It  is  not  very  helpfui  to  categorize  technologies  in 
their  own  terms:  as  computer  based,  cr  multimedia 
extensions,  or  telecommunicaUons.  These  groupings 
become  enmeshed  in  the  latest  technical  vocabulary, 
which  is  constantly  changing.  What  is  needed  is  a 
categorization  of  technologies  that  fit  instructional 
purposes;  such  a  grouping  should  be  flexible  enough  to 
accommodate  changes  thnt  occur  in  any  medium. 

This  section  outlines  four  broad  categories  of  instnjc- 
Uonal  technologies:  (1)  Tutoriaj ;  (2)  Exploratory/Pioblem 
Solving;  (3)  Communications;  and  (4)  ToolsATechniques. 
Each  categwy  is  viewed  first  from  an  instnicaonal  point  of 
view,  and  then  aHxopriate  technologies  that  might  facilitate 
instruction  are  described. 
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Tutorial 

In  their  traditional  role,  teachers  are  transmitters  of  an 
accepted  body  of  knowledge  that  society  wants  every 
child  to  know.  In  this  sense,  teachers  want  students  to 
know  certain  content,  to  remember  this  content,  and  to  be 
able  to  use  it  in  appropriate  situations,  hi  an  older  Socratic 
mode,  an  individual  teacher  would  tutor  one  student  until 
he/she  had  learned  the  appropriate  knowledge.  In  today's 
larger  classrooms,  teachers  do  their  best  to  simulate  this 
tutoring  within  the  limits  of  Ume  demanded  by  a  greater 
number  of  students. 

Tutorial  technologies  can  facilitate  the  learning  of 
appropriate  content.  These  technologies  include  all  media 
which  attempt  to  provide  individualized  instruction  for 
students  on  certain  aspects  of  curriculum.  The  specific 
types  of  technologies  could  range  from  computer-aided 
instrucaon,  to  videotapes  and  videodiscs,  to  interactive 
television.  Instruction  could  be  based  on  a  single  piece  of 
software  focused  on  a  particular  subject  or  a  networked 
integrated  learning  system  wb'.ch  provides  feedback  and 
practice  on  ail  aspects  of  the  K-12  curriculum.  The  aim  of 
these  technologies  is  to  "tutor"  on  specific  subject  matter, 
usually  the  tutoring  is  very  highly  individualized. 

Exploratory /Problem  Solving 

Most  tutorial  strategics  are  based  on  specifically 
defined  content,  with  problems  usually  have  definite 
"answers".  Teachers  often,  however,  want  students  to  be 
able  to  approach  and  solve  more  difficult  problems.  These 
problems  are  more  ill-defined  and  require  the  student  to 
gather  information  on  their  own,  evaluate  this  informa- 
tion, apply  it  to  a  problem,  solve  a  problem,  and  state  the 
reasonable  criteria  they  used  m  their  soludon.  Projects,  or 
papers,  have  been  the  traditional  focus,  with  lots  of  trips 
to  the  library. 

Newer  technologies  can  facilitate  this  problem  solvuig 
process.  These  technologies  which  facilitate  exploration 
and  problem  solving  uiclude  all  platforms  which  enable 
learners  to  access  electronically  large  amounts  of  infor- 
mation, organize  and  evaluate  it,  and  use  the  information 
to  solve  a  problem.  Technologies  could  include  multime- 
dia encyclopedias  on  CD-ROM,  databases  accessed 
through  communications  lines,  interactive  videodiscs, 
two-way  interactive  television,  or  a  host  of  other  tech- 
nologies which  facilitate  the  problem  solving  process. 
These  technologies  can  help  students  and  teachers  tackle 
more  difficult  and,  perhaps,  more  realisdc  problems  in  the 
classroom  than  ever  before. 

Communlcatior^s 

Teachers  not  only  want  students  to  learn  specific 
content  and  to  know  how  to  solve  problems.  Teachers 
also  want  students  to  be  able  to  cwnmunicate  the  results 
of  their  learning.  Additionally,  during  the  problem  solving 


process,  teachers  want  students  to  cooperate  and  commu- 
nicate with  each  other. 

Newer  technologies  facilitate  the  ability  to  conununi- 
cate  in  many  ways.  These  technologies  include  all  devices 
which  enable  students,  teachers,  administrators,  and 
parents  to  connect  with  each  other  and  with  learning 
resources  that  are  geographically  distant.  Specifically, 
these  technologies  include  electronic  mail,  data  retrieval 
systems,  networked  communications,  bulletin  boards, 
two-way  interactive  television  or  even  closed-circuit 
broadcasts  within  the  school. 

Tools/T^OirtiquM 

Learning  has  always  been  aided  by  certain  tools. 
Pencils  and  typewriters  have  aided  the  ability  to  commu- 
nicate; an  abacus,  a  slide  rule,  or  a  hand  held  calculator 
facilitate  the  solution  of  certain  numerical  problems. 

The  range  of  tools  available  today  is  both  stimulating 
and  overwhehning.  Newer  technologies  enable  students  to 
engage  in  more  realistic  tasks  and  to  produce  more 
authentic  products,  such  as  papers  and  books,  spread- 
sheets, hypertext,  audio  and  video  products.  This  range  of 
technological  tools  could  include  word  processing, 
desktop  pubUshmg,  spreadsheet  use,  database  manipula- 
tion, or  statistical  analysis.  Many  of  these  tools  are 
essentially  the  same  as  used  by  business. 

Technology  Focilttot^is  fhQ  Changing  Classroom 

Many  of  the  educational  reforms  current  today  can  be 
grouped  into  three  categories,  ail  advocating  significant 
change  in  the  educational  process.  First,  there  is  concern 
over  changing  what  is  learned,  with  a  focus  on  problem 
solving,  critical  thinking,  and  higher-order  thmking  skills. 
Secondly,  the  teacher-student  relationship  is  seen  as 
shifting  from  passive  students  to  more  active  learners,  m  a 
classroom  where  collaborative  learning  takes  place  and 
the  teacher  acts  like  a  coach.  Finally,  assessment  is 
moving  away  from  multiple  choice  exams  that  focus  on 
isolated  content  to  more  meaningful  assessments  of  what 
a  student  is  learning,  in  the  form  of  projects,  portfolios, 
and  authentic  assessments. 

The  four  categories  of  mstructional  technologies 
outlined  above  can  facilitate  the  changing  classroom  in 
many  ways.  These  technologies  can  aid  teachers  and 
students  in  developing  a  classroom  that  is  oriented  toward 
meaningful  projects  that  stress  problem  solving  skills  and 
collaboraUve  efforts.  AddiUonally,  more  realistic  products 
can  be  produced,  :»uch  as  desktop  published  books, 
electronic  portfolios,  or  videos  of  project  presentations, 
all  of  which  make  assessment  more  a  ithendc. 

Tho  Now  Toachor 

Once  again,  teacher  education  programs  and  in-service 
training  need  to  be  focused  on  traming  teachers  who  can 
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blend  newer  instructional  strategies  with  the  appropriate 
technologies.  The  Institute  for  Educational  Technologies 
has  established  a  demonstration  labcMratory  which  helps 
teacher  education  candidates  develop  this  expertise.  The 
Institute  is  a  consortiunii  represented  by  the  Tennessee 
Valley  Authority,  the  University  of  Tennessee  at  Knox- 
ville,  Carson-Newman  College,  and  oUier  sponsoring 
corporate  agencies.  The  Institute  has  established  a  state- 
of-the-art  demonstration  laboratory  at  Carson-Newman 
College. 

In  this  laboratory,  teacher  education  candidates  can 
practice  conducting  the  classroom  of  the  future.  Tech- 
nologies exist  in  all  four  insiructional  categories  above.  If 
a  teacher  wants  to  do  a  unit  on  middle  school  science 
problem  solving,  he/she  has  several  resources:  integrated 
learning  systems  which  tutor  students  on  science  funda- 
mentals; CD-ROM  databases  which  allow  students  to 
research  quickly  information  on  a  specific  science 
problem;  communications  facilities  which  allow  links  to 
on-line  services  and  databases;  and  tools,  such  as  spread- 
sheets and  desktop  publishing,  which  allow  the  produc- 
tion of  an  authentic  product. 

As  this  scenario  should  indicate,  the  classroom  of  the 
future  will  demand  more  of  prospective  teachers  than 
have  classrooms  of  the  past.  Teacher  education  programs 
must  forge  the  link  between  changes  in  curriculum  and 
instructional  strategies  and  advances  in  technologies 
which  aid  these  curricular  innovations.  This  demonstra- 
tion laboratory  is  one  such  attempt  to  facilitate  this 
change. 

Michael  AT.  Smith  is  Director  of  the  Institute  for  Educa- 
tional Technologies,  College  of  Education,  212  Claxton, 
University  of  Tennessee,  Knomlle,  TN  37996 
etnail:mmsmith  @  utkvx.  utk.edu. 

Charles  Wilson  is  on  Education  Specialist  in  the  Division 
for  Education  and  Skills  Development,  Tennessee  Valley 
Authority  400  West  Summit  Hill  Drive,  JB30G  OCH, 
Knoxville,  TN  37902-1499  email:cwilson@utkvxMtk,edu. 
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Introduction 

F>r  ten  years  the  College  of  Education  and  Psychol 
ogy  at.  lames  Madison  University  relied  on 
teaching  future  teachers  about  technology  by 
having  each  student  practice  on  equipment  and  then 
demoastrate  that  skill  to  an  examiner,  in  order  to  keep  the 
graduav^  of  the  teacher  education  program  at  par  if  not 
ahead  of  practice  in  the  K-12  environment,  new  foims  of 
technr?*-; were  introduced  into  the  Collegers  Educa- 
tional   •  a  Labs.  These  new  forms  of  techiwlogy,  such 
as  interactive  video  and  CD  ROM,  presented  a  problem  of 
examining  for  proficiency  without  requiring  inordinate 
amounts  of  time  during  examination.  Using  an  approach 
to  teaching  the  technology  that  was  self-guided  and 
relying  on  the  merits  or  the  software,  examination  time 
was  reduced  by  90%.  This  same  approach  will  be  used  as 
other  forms  of  technology  are  introduced  into  the  teacher 
education  programs  at  Ihe  university. 

Ptiilosophy  of  Tochnology  in  Tooclior  Educa  ion 

The  philosophy  of  the  Educational  Media  Labs  is: 
Involvement  of  the  pre-service  teacher  witfi  technology, 
software,  and  teaching  materials  is  one  of  the  keys  to 
graduating  K-12  teachers  that  will  be  productive  members 
of  the  profession.  To  operationalize  that  philosophy,  the 
College  of  Education  and  Psychology  at  James  Madison 
Univei  Aty  supports  the  Educational  Media  Labs  (EML) 
with  a  staff  of  one  full-time  faculty/ad  inistrator,  two 
full-time  classified  positions,  ind  eight  student  positions. 
The  EML  has  a  yearly  budget  .lowing  it  to  purchase 
materials,  software,  and  equipment.  It  serves  over  800 
undergraduate  and  graduate  education  students  who 
enrolled  in  K-12  certification  programs. 

Extomal/lntomal  Technology  Inltiotivos 

The  EML  has  been  in  existence  since  1975  but  the 
first  major  emphasis  on  new  forms  of  technology  came  in 
the  early  1980' s.  Guidelines  for  Educational  Computing 
in  Virginia  spelled  out  13  basic  computer  literacy 
objectives  and  10  computer  utilization  objectives  that 
teachers  in  the  state  should  achieve.  At  the  same  time 
James  Madison  University  was  starting  to  require  that  all 
students  become  computer  literate.  This  emphasis  on  the 
campus  was  part  of  a  plan  to  integrate  computer  literacy, 
global  awareness,  writing  aaoss  the  curriculum  and 
critical  thinking  into  every  course  and  program  at  the 
university.  In  1982  the  College  of  Education  and  Psychol- 
ogy produced  a  report  stating  how  computer  literacy  and 
computer  technology  would  be  integrated  into  the 
curriculum  of  the  programs  leading  to  certification  in  the 
public  schools.  A  computer  lab  in  the  EML  was  equipped 
with  21  computers.  The  state  of  Virginia  continued  its 
plan  for  technology  usage  in  public  education  and  in  1989 
published  Six  Year  Technology  Plan  for  Virginia,  a  plan 
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for  integrating  technology  in  the  K-12  environment.  It 
recommended  how  to  equip  classrooms,  libraries,  and 
administrative  offices,  how  to  train  for  utilization  of 
technology,  and  how  to  produce  software.  The  commit- 
ment to  technology  contmues  as  the  Virginia  State 
Department  of  Education  is  working  on  a  new  technology 
plan  arad  James  Madison  University  is  creating  technol- 
ogy classrooms,  equipping  every  faculty  member  with  a 
computer,  and  expanding  the  student  computer  labs  by 
installing  a  specialized  computer  facility  in  the  Educa- 
tional Media  Labs. 

Technology  Learning  Stations 

In  1975  the  Educational  Media  Labs  started  with  27 
equipment  stations  and  all  teacher  education  students 
learned  a  minimum  of  12.  Each  learning  station  consisted 
of  a  set  of  terminal  objectives,  a  step-by-step  illustrated 
iiistmction  book,  the  equipment,  and  appropriate  materi- 
als. The  student  would  learn  how  to  operate  the  equip- 
ment and  then  cither  take  a  skill  lest  and/or  produce  some 
end  product  such  as  a  transparency.  The:.e  learning 
stations  consisted  of  traditional  forms  of  technology  like 
16  nun,  slide,  fiUnstrip,  opaque,  overiiead,  audio,  tape, 
and  non-portable  VHS  recording.  In  the  early  80' s  a 
computer  technology  station  was  added  using  the  same 
format  of  practice  and  examination. 

By  the  last  1980* s.  changes  were  taking  place.  In 
1989,  video  disc  and  CD  ROM  based  inlcracUvc  tech- 
nologies were  added  to  the  learning  lab.  Students  coming 
to  the  EML  already  had  operated  at  least  one  if  not  two 
computer  types  as  a  result  of  the  university's  computer 
literacy  initiative  and  Virginia's  K-12  computer  literacy 
initiatives.  Knowing  what  could  be  done  with  the  equip- 
ment and  software  became  more  important  than  just 
knowing  how  to  operate  the  equipment.  This  underiines  a 
trend  cited  by  Anglin  (1991)  that  there  is  a  movement 
away  from  hardware  and  toward  the  development  and  use 
of  software.  It  became  evident  that  a  set  of  tenninal 
objectives  for  operating  a  16  nmi  projector  were  very 
different  than  a  set  of  objecUves  for  using  Compton's 
Multimedia  Encyclopedia.  It  was  also  apparent  that 
having  the  student  first  learn  how  to  use  the  equipment 
and  software  and  then  demonstrate  that  ability  would 
require  too  much  Ume.  In  learning  an  old  form  of  technol- 
ogy the  student  took  about  20  minutes  learning  and  the 
examiner  took  about  4-5  minutes  testing.  With  a  com- 
puter, CD  ROM,  printer,  and  the  encyclopedia  software 
the  learner  would  take  an  estimated  35  minutes  to  learn 
and  the  examiner  and  student  together  at  least  10-12 
minutes  to  examine.  In  the  fall  of  1991  there  were  273 
students  using  the  electronic  encyclopedia  station.  This 
would  have  taken  over  40  hours  of  exaniination  time. 


N«w  Approoch  to  T^ochJng  Technology 

In  1989  a  seven  page  learning  station  was  introduced 
that  used  two  techniques:  1)  Give  the  learners  progres- 
sively less  directed  help  while  learning  and  2)  Have  the 
learners  jwoduce  documentation  of  their  learning  activity. 
Following  a  series  of  written  directions,  the  learner  points 
to  icons  on  the  saecn  and  click  the  mouse  button.  This 
reveals  certain  information  that  will  answer  a  question 
contained  in  the  set  of  written  instructions.  The  learner 
then  opens  a  notebook  which  is  part  of  the  encyclopedia 
and  types  in  the  answer.  Using  a  highlighting  technique, 
the  learner  is  also  directed  to  copy  text  from  the  encyclo- 
pedia mto  the  open  notebook.  Finally,  the  student  is  asked 
to  type  into  the  notebook  personal  reactions  on  the 
encyclopedia.  With  this  approach  the  average  student 
learner  completes  the  task  in  under  45  minutes.  A  printout 
of  the  learner's  notebook  from  the  encyclopedia  is  given 
to  the  examiner  who  takes  about  one  minute  to  verify  that 
the  student  has  explored  the  encyclopedia  and  mastered 
the  equipment  and  software.  This  is  a  saving  of  over  36 
hours  of  examination  time  in  a  typical  semester. 

A  station  using  the  National  Gallery  of  Art  video  disk 
uses  the  same  approach  while  recording  the  learner's 
progress.  Here  Jhe  student  goes  around  the  gallery 
collecting  painUngs  by  making  up  a  JiUde  show  list  witliin 
the  program  and  at  the  same  time,  answering  questions 
about  the  art  on  a  paper  response  sheet.  A  printout  of  the 
list  and  the  response  sheet  are  used  by  the  examiner  to 
verify  mastery. 

In  two  years  858,  students  have  used  the  encyclopedia 
and  760  students  have  used  the  art  video  disc  for  respec- 
tive savings  in  examination  time  of  143  hours  and  124 
hours.  If  the  EML  had  relied  on  the  old  forai  of  watching 
the  student  demonstrate  mastery  of  the  objectives, 
additional  personnel  hours  would  have  been  required  to 
verify  student  mastery  of  this  technology. 

Rostructuring  of  Education  Presents  Nev^  Needs 

EffecUve  July  1992,  all  James  Madison  University 
teacher  education  programs  (except  Secondary  Education) 
were  required  by  the  state  to  reduce  the  number  of 
education  courses  in  their  programs  and  none  currently 
require  a  technology  course.  Because  Secondary  Educa- 
tion was  already  under  the  staters  aedit  hour  limit,  that 
program  did  start  requiring  a  three  credit  technology 
course  in  place  of  a  values  course.  Some  students  are 
using  interacUve  video  disc  such  as  The  Holy  Land  and 
GTV.  Students  create  and  narrate  their  own  video  se- 
quences and  present  them  to  their  peers  in  either  a 
methods  or  a  technology  class.  Our  challenge  then  is  to 
create  learning  stations  for  all  interactive  video  and  CD 
ROM  software. 

The  EML  wiU  be  adding  additional  computers  to  the 
Equipment  Learning  Lab  eivly  in  1993  and  these  comput- 
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ers  will  allow  education  students  to  do  nwiipulation  and 
aeation  of  graphics,  aeation  of  presentations,  and 
desktop  publishing.  Again,  the  challenge  will  be  to  aeate 
learning  stations  that  will  involve  the  student  in  learning 
about  the  software  while  at  the  same  time  creating 
products  tha*  can  be  integrated  mto  future  K-12  teacher 
activities. 
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teckground 

As  a  result  of  the  Kentucky  Education  Reform  Act 
(KERA)  of  1990,  schools  in  Kentucky  are 
Festructuring  through  site-based  ntanagement, 
non-graded  primary  schools,  perfonnance-based  student 
assessment,  and  instructional  uses  of  technology  in  order 
to  change  the  way  children  are  educated  within  the 
Commonwealth.  KERA  views  technology  as  an  important 
component  in  enlarging  and  enrichmg  the  learning 
experience  of  students.  Thus,  there  was  a  need  to  develop 
a  long  range  plan  for  the  efficient  and  equitable  use  of 
technology  at  all  levels.  To  accomplish  this  end,  KERA 
created  a  state  advisory  council  for  educational  technol- 
ogy with  the  puqx)se  of  designing  and  implementing  a 
plan  to  cover  ali  aspects  of  educational  technology.  While 
tije  K-12  schools  have  been  assigned  the  responsibility  of 
restructuring  their  programs,  the  higher  education 
instituiions  within  the  Commonwealth  have  assumed  the 
responsibility  of  preparing  preservice  and  inservice 
teachers  to  function  in  the  rapidly  changing  technological 
environment  of  both  the  school  and  society. 

Since  Eastern  Kentucky  University  is  the  top-ranking 
producer  of  teacher  educators  in  the  state,  it  was  impor- 
tant to  examine  the  technology  instruction  currently 
offered  and  how  the  curriculum  could  be  restructured  to 
include  all  the  technologies  mandated  by  KERA.  The  task 
of  preparing  students  to  deal  effectively  with  the  demands 
of  a  technological,  information-based  society  requires 
teacher  education  programs  to  be  reorganized  to  include 
the  technologies  which  are  being  implemented  within  the 
public  schools.  Under  KERA,  the  Kentucky  Educational 
Technology  Council  is  developing  a  state  wide  network 
for  voice,  video,  and  data.  This  system  is  known  as  the 
Kentucky  Educational  Technology  System  (KETS). 
Technologies  which  are  mandated  by  KETS  include 
networked  computer  stations  for  students,  teachers,  and 
admmistrative  offices;  multi-media  stations;  telecommu- 
nications capabilities;  and  video  production  units.  This 
statewide  network  is  currently  being  considered  a 
state-of-the-art  model  and  has  implications  for  other  states 
as  they  develc^  networks. 

Resources 

At  the  end  of  the  1990-1991  school  year,  the 
University's  College  of  Educadon  had  a  computer  lab 
with  a  variety  of  Apple  computers  with  dot  matrix 
printers.  With  the  implementadon  of  KERA,  the  need  was 
apparent  for  updated  technology.  Aided  by  a  grant  from 
AT&T,  the  College  was  able  to  begm  updating  their 
technology.  One  hundred  ten  netwoikable  computers,  six 
file  servers,  sbc  laser  printers  and  six  dot  matrix  printers 
were  donated  to  the  college.  These  computers  were 
distributed  into  six  computer  lab  setdngs. 

One  computer  lab  containing  twenty  386SX  AT&T 
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computers  is  housed  in  the  building  with  the  Department 
of  Curriculum  and  Instruction.  The  computers  are 
networked  using  LAN  Manager  software.  Both  a  laser 
and  a  dot  matrix  printer  are  connected  to  the  file  server. 
Additional  equipment  obtained  in  the  fall  of  1992  consists 
of  a  CD-ROM  player,  a  LCD  panel  for  whole  class 
projection,  and  an  overhead  projector.  Application 
programs  available  on  the  network  include  DOS,  Win- 
dows, WordPerfect,  and  Microsoft  Works.  In  addition, 
education  students  have  access  to  computer  labs  at  the 
University's  Pre-school-12  Model  Laboratory  School  and 
in  other  locations  on  campus. 

One  of  the  problems  which  has  become  apparent  is  the 
need  for  the  technologies  at  the  University  to  conform  to 
the  KETS  based  standards.  Level  One  standards  include 
an  Intel  environment  with  a  386SX  cpu  with  DOS  5.0  or 
the  Motorola  environment  with  a  68030  cpu  with  System 
7.  Each  environment  requires  4  mb  of  RAM,  40  mb  of 
hard  disk  capacity,  a  netwOTk  protocol  of  ethemet  or 
token  ring,  a  two  button  pointing  device,  and  one  parallel, 
one  serial,  and  one  pointing  device  port.  File  server 
standards  for  the  Intel  must  be  a  minimum  of  386DX 
while  the  Motorola  environment  must  be  68030.  Both  the 
memory  requirements  are  for  16mb  whereas  the  Intel 
must  have  an  expansion  capacity  to  32mb.  The  file  server 
must  encompass  an  installed  disk  capacity  of  at  least  20 
mb  for  each  client  station,  one  drive  to  support  CD-ROM, 
the  capacity  of  supporting  one  printer,  and  a  323-bit 
network  adapter. 

There  are  three  levels  of  software  standards:  system, 
middle,  and  application  software.  Examples  of  systems 
software  are  DOS  5.0  and  System  7,  and  Novell.  An 
illustration  of  middle  software,  as  defined  by  KETS,  is 
Windows  3.L  Application  software  standards  are  desig- 
nated by  certam  characteristics  such  as  ease  of  use,  ability 
to  take  advantage  of  color,  interactivity  that  is 
multisensory,  provisions  for  multi-lingual  and  bias-free 
use,  and  its  capacity  to  be  customized,  supportive  of 
relational  technology,  and  networkable.  Software  that  is 
not  used  through  Windows  may  still  be  acceptable  if  it 
meets  the  other  standards.  Each  year  the  KETS  standards 
will  be  reevaluated  and  reissued  to  reflect  treiKls  and 
directions  from  the  hardware  and  software  developers. 

Strategy 

Restructuring  of  the  College's  curriculum  was 
necessary  in  order  to  prepare  undergraduates  and  gradu- 
ates for  the  KETS  system.  Two  issues  of  primary  concent 
were:  (a)  faculty  preparation  and  (b)  student  preparation. 

Faculty  preparation 

The  use  of  technologies  and  how  decisions  are  made 
about  technology  applications  in  educational  environ- 
ments are  important.  An  organized  plan  and  careful. 


deliberate  decision-making  became  necessary  for  the 
successful  implementation  of  technology  into  the  teacher 
education  program  at  the  undergraduate  and  graduate 
level.  Concerns  which  had  to  be  addressed  within  the 
Department  of  Curriculum  and  Instruction  included  how 
to  define  technology  literacy,  what  control  technology 
should  have  over  the  curriculum,  types  of  settings  in 
which  technology  should  be  used,  what  hardware, 
software,  and  related  materials  are  needed  to  implement 
technology  use,  and  the  ethics  concerning  technology  use 
both  in  the  schools  and  in  society. 

Rather  than  having  the  technology  drive  the  curricu- 
lum within  the  College  of  Education,  a  deliberate  process 
was  put  mto  action  by  the  Committee  fop^ta^ctional 
Technology  to  guide  successful  implementatxbn.  The 
concern  was  that  technology  fulfill  its  promise  of  solving 
educational  problems.  Initially,  this  process  called  for 
conducthig  a  needs  assessment  of  the  faculty  m  order  to 
determme  where  technology  could  be  integrated  into  their 
courses. 

As  a  part  of  the  plan  for  faculty  preparation,  a 
mini-course  was  designed  to  introduce  the  faculty  to 
DOS,  Windows,  WordPerfect  and  networkmg.  This 
course  was  not  required  but  was  available  to  the  faculty 
free-of-charge  under  the  provisions  of  faculty  scholar- 
ships. Several  of  the  faculty  did  take  advantage  of  the 
course. 

Buildmg  an  awareness  of  new  technologies  available 
was  necessary.  Awareness  of  current  and  emergmg 
technologies  is  managed  through  monthly  faculty 
meetings.  Each  semester  one  meeting  is  devoted  to 
demonstrating  the  use  of  various  technologies  such  as  the 
CD-ROM  player,  videodiscs,  or  multi-media  products. 
These  presentations  focus  not  only  on  the  demonstration 
of  the  hardware  and  software,  but  on  how  the  technology 
can  be  used  to  meet  the  instructional  and  professional 
needs  of  the  faculty.  The  presentations  are  conducted  to 
develop  a  desire  on  the  pari  of  the  faculty  to  use  the 
technology  as  they  view  new  innovations  and  to  empha- 
size desired  consequences  for  the  use  of  the  technology. 
Through  this  process,  the  faculty  is  kept  up-to-date  with 
the  more  powerful  applications  and  how  to  use  the 
technology  as  a  tool.  Consequently,  some  understanding 
of  how  and  why  to  use  the  technology  is  established 
within  the  faculty. 

Student  preparation 

Prior  to  KERA,  some  use  of  technology  was  inte- 
grated into  part  of  the  methods  courses.  The  introduction 
to  technology  for  undergraduates  primarily  consisted  of 
evaluating  instructional  software.  Software  programs 
located  in  the  University's  Leammg  Resources  Center 
were  checked  out  by  faculty  for  students  to  view  for 
approximately  one  hour  a  semester  in  the  Apple  computer 
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lab.  Ir  addition,  undergraduates  and  graduate  students 
were  able  to  enroll  in  an  elective  course  entitled  Instruc- 
tional Media,  However,  few  education  students  enrolled 
in  this  course. 

In  1987,  a  new  Kentucky  regulation  mandated  that  aD 
students  in  teacher  certificate  programs  must  be  computer 
literate  before  enrolling  in  teacher  education  methods 
courses.  Hiis  regulation  states  that  computer  literacy  must 
include  competency  in  word  processing,  spreadsheet,  and 
database  programs.  At  Eastern  Kentucky  University,  this 
requirement  is  met  either  by  requiring  students  to  pass  a 
computer  application  course  or  a  written  and  application 
computer  competency  test.  In  spite  of  the  computer 
literacy  requirement,  interviews  with  students  indicated 
that  they  were  rarely  required  to  apply  word  processing, 
database,  or  spreadsheet  skills  in  education  courses. 
Consequently,  such  computer  skills  were  seldom  main- 
tained. 

Some  changes  have  resulted  from  the  new  technology 
resources  available  and  the  involvement  of  the  faculty. 
Some  undergraduate  examples  follow.  For  example,  K-4 
preservice  teachers  in  a  classroom  management  class  are 
linked  electronically  with  fomth  grade  students  at  the 
University's  laboratory  school.  The  fourth  graders 
maintain  wiiting  journals  on  the  computer.  The  files  are 
saved  to  a  networic  directory  which  is  then  accessed  by 
the  classroom  management  students  in  their  computer  lab. 
The  University  students  are  paired  with  specific  fourth 
graders  and  respond  with  comments  concerning  the 
journal  writing.  Examples  include  secondary  mathematics 
methods  students  who  are  using  the  computer  lab  for  the 
study  of  fractals  and  preservice  teachers  with  an  emphasis 
in  middle  schools  language  arts  who  use  the  program 
StoryWorks  to  create  stacks  of  information  concerning 
adolescent  literature. 

An  aspect  of  KETS  involves  K-12  students  actively 
involved  with  technology  to  produce  products  for  their 
portfolios.  This  aspect  has  greatly  influenced  the  under- 
graduate and  graduate  curriculum.  In  response  to  KERA, 
students  at  the  undergraduate  level  are  encouraged  to 
create  and  maintain  a  portfolio  within  particular  education 
classes  by  using  available  technology.  The  intent  for 
creating  the  portfolio  is  to  apply  production  ideas  and 
techniques  in  carrying  out  classroom  assignments.  This 
portfolio  is  constructed  by  using  different  technologies 
such  as  CD-ROM's  and  onluie  services  to  access  informa- 
tion, computers  to  create  transparencies  for  classroom  use 
or  visuals  for  learning  centers,  zap  cameras  for  still 
images,  audio  cassettes  for  sound,  and  videos  for  motion. 
These  varied  experiences  with  technology  consequenUy 
develop  undergraduates  skills  in  locating  information  and 
producing  media. 

An  extension  of  the  undergraduates*  tr  aining  in  the 
application  of  technology  is  currently  being  investigated 


through  the  expansion  of  the  foundations  class  which  is 
taken  prior  to  methods  courses.  The  proposal  for  this  class 
includes  topics  on  the  use  of  current  and  emerging 
technologies,  teaching  and  learning  theories  as  they  relate 
to  technology,  computer  ethics,  and  societal  issues. 

In  contrast  to  the  undergraduates  preparation  of 
portfolios,  graduate  students  have  an  immediate  need  to 
leara  about  and  use  current  technologies  in  response  to 
KERA.  Interviews  with  teachers  and  library  science 
students  indicate  that  they  now  believe  that  there  is  a  need 
for  knowledge  about  technology  and  its  use  within  their 
classrooms.  There  has  been  an  increase  in  the  number  of 
graduate  students  enrolled  in  Instructional  Media. 
Students  within  this  course  are  required  to  design  and 
develop  a  proposal.  The  prq>osal  requires  graduate 
students  to  address  the  issues  of  how  technology  can 
facilitate  the  solving  of  instructional  iwoblems  within 
K-12  classrooms.  While  the  students  are  developing  their 
proposals,  each  class  period  focuses  on  the  demonstration 
or  interact' m  with  a  different  technology;  for  example, 
video,  integrated  software,  telecommunications, 
hypermedia,  and  distaiKe  education. 

Conclusion 

The  restructuring  of  the  University  education  curricu- 
lum to  reflect  the  use  of  technologies  is  an  ongouig  issue. 
The  first  hurdle  to  overcome  is  to  remember  diat  not  all 
faculty  will  be  convinced  of  the  need  to  use  technology. 
However,  a  commitment  must  be  made  by  the  dean  and 
department  chairperson  to  support  programs  which 
introduce  technology  applications  to  the  faculty.  Ongouig 
training  as  new  technologies  are  introduced  is  vital  to 
preparing  faculty  to  not  only  use,  but  to  integrate  the 
technology  into  their  classes.  With  adequate  support, 
faculty  believe  that  they  will  be  prepared  to  model  the  use 
of  technology  within  their  classes.  Faculty  will  then  give 
assignments  whereby  students  must  apply  technological 
skills. 
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Introduction  and  Rationai^ 

I    1  ducational  usage  of  computer-related  technology  is 
l-H  becoming  an  issue  of  change  in  K-12  schools 
jL— /  around  the  country.  During  the  1980' s,  the 
number  of  microcomputers  and  computer  terminals  in 
U.S.  schools  increased  over  2  mUUon,  more  than  a  50-fold 
increase,  with  approximately  300,000  added  each  of  the 
last  few  years  (Becker,  1991).  One  of  the  biggest  prob- 
lems with  using  computers  in  schools  is  the  lack  of 
training  of  the  teachers  who  use  the  machines  in  their 
classroom  (Becker,  1989;  Carlson,  1991;  OTA  Report, 
1988).  Teachers  have  felt  uncomfoctable  with  the  new 
technology,  and  with  that  lack  of  confidence,  have  not 
used  the  computers  to  its  potential.  In  a  1989  survey 
conducted  by  the  IBM  corporation,  more  than  one-half  of 
the  teachers  felt  that  their  students  were  more  computer 
literate  than  the  teacher  himself/herself.  Also,  thirty-eight 
percent  of  the  teachers  surveyed  felt  that  inadequate 
computer  training  was  one  of  the  obstacles  to  their  more 
effective  use  of  computers  in  the  classroom  (Nelson, 
Andri,  &  Keefe,  1991). 

During  the  early  1980*  s,  most  attention  was  placed  on 
inservice  training  of  teachers.  Veteran  teachers  were 
encouraged  to  "train  themselves"  about  the  techniques  of 
using  the  computer  effectively  in  their  classrooms. 
Recently,  the  emphasis  for  training  has  been  widened  in 
scope  to  include  preservice  teachers.  School  districts  are 
demanding  teachers  who  are  computer  literate  (Carlson, 
1991;  Johnson  &  Maddux,  1991).  "As  preservice  teachers 
leave  their  teacher  preparation  programs,  they  are  often 
faced  with  the  realities  that  school  disuicts  demand  they 
use  technology,  parents  expect  them  to  use  it,  and 
students  want  them  to  use  it"  (Novak  &  Berger,  1991,  p. 
89).  Twenty-three  state  boards  of  education  have  enacted 
mandates  requiring  preservice  teacher  programs  to 
include  technology  training  in  the  curriculum  G^ovak  & 
Berger,  1991). 

Two  organizations,  the  International  Society  for 
Technology  in  Education  (ISTE).  and  the  National 
CouncU  for  Accreditation  of  Teacher  Education 
(NCATE),  have  written  12  goals  for  the  educational 
computing  and  technology  preparation  of  education 
programs  that  include  demonstrating  knowledge  about 
computers  and  the  effective  use  of  computers  in  class- 
:  .oms  (Wetzel,  1992).  After  analyzing  these  goals,  it  is 
easy  to  understand  why  many  preservice  teacher  institu- 
tions have  struggled  with  vhe  problems  of  dealing  with 
technology  in  their  programs.  "Teacher  educators  are 
faced  with  a  two-headed  monster.  They  must  prepare 
future  teachers  for  classrooms  that  will  undoubtedly 
include  technology,  and  in  order  to  do  Uiis,  they  must  also 
prepare  themselves  to  use  technology"  (Novak  &  Berger, 
1991,  p.  84). 

In  general,  the  two  accepted  models  for  infusing 
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technology  into  teacher  education  programs  usually 
include:  1)  specific  co-irses  in  technology  and  2)  integrat- 
ing technology  experiences  throughout  the  teacher 
education  curriculum  (Wetzel,  1992).  Single  courses  in 
technology  have  been  much  easier  for  most  teacher 
education  programs  to  create  than  the  integration  across 
the  curriculum.  But  many  authors  suggest  that  these 
technology-specific  courses  should  be  an  inteiim  solution 
which  leads  the  preservice  teacher  institutions  to  integrat- 
ing technology  in  all  classes  (Stnidler,  1991).  The  theme, 
"teachers  teach  the  way  they  were  taught,"  is  the  basis 
behind  usmg  computer-related  technology  as  a  teaching 
tool  in  all  preservice  teacher  classes  (Nelson,  Andri,  & 
Keefe,  1991;  Strudler,  1991). 

To  facilitate  technology  integration  in  education 
courses,  many  teacher  preservice  mstitiitions  are  trying  to 
provide  the  teaching  faculty  with  the  equipment  and 
Uaining  to  use  technology  effectively.  Three  elements 
seem  to  be  key  in  the  increased  use  of  technology.  First, 
the  equipment  must  be  available  for  usd  (Novak  & 
Berger,  1991).  A  computer  on  the  faculty  member's  desk 
is  one  of  the  first  steps  in  using  the  computer  in  teaching. 
When  the  ccnnputer  becomes  a  necessary  tool  for  the 
teacher,  then  computer  use  in  the  classroom  is  the  next 
logical  step.  In  addition,  if  computers  are  to  be  used  for 
whole  class  purposes,  a  facility  that  will  accommodate 
such  activity  is  necessary. 

The  second  element  involved  in  teacher  empowerment 
with  technology  involves  training.  Because  of  the  stature 
of  the  higher  education  faculty  member,  it  is  often 
assumed  that  they  need  little  UBining  in  the  use  of 
something  new,  in  this  case,  computers.  This  seems  to  be 
untrue,  and  the  training  and  subsequent  support  and 
coaching  are  vital  if  effective  use  of  technology  in  higher 
education  is  going  to  take  place  (Wetzel,  1992). 

Encouragement  to  include  technology  in  courses  is  the 
third  element  of  staff  empowerment.  Faculty  members 
need  to  feel  that  they  are  being  suppcMted,  as  well  as 
encouraged,  to  try  to  use  and  model  teaching  techniques 
that  include  efficient  uses  of  technology  (Nelson,  Andri, 
&  Keefe,  1991;  Novak  &  Berger.  1991).  The  perception 
that  using  technology  in  teaching  is  expected,  is  important 
in  the  continued  mcrease  of  educational  technology  use  in 
teacher  preservice  programs. 

Th0  Model 

In  the  Department  of  Curriculum  and  Instruction  in 
the  College  of  EducaticHi  at  Iowa  State  University,  the  use 
of  computer-related  technologies  is  growing  rapidly. 
Computer-specific  courses  have  been  offered  since  the 
early  1980's,  and  an  educational  computing  minor  is 
available  to  undergraduate  students.  Also,  several 
graduate-level  classes,  emphasizing  the  use  of  computers 
in  education,  have  been  part  of  the  Curriculum  and 


Instructional  Technology  graduate  degrees.  The  depart- 
ment has  included  the  integration  of  computer-related 
technologies  in  general  education  courses  as  one  of  the 
departmental  goals.  In  order  to  meet  this  goal,  the 
department  is  in  the  process  of  implementing  a  three-year 
plan  aimed  at  providing  all  faculty  with  experiences  so 
they  can  appropriately  mtegrate  computer-related  tech- 
nologies into  their  instruction.  The  plan  contains  four 
major  elements: 

1 .  providing  computers  and  networking  for  all  faculty 
and  their  classes. 

2.  providing  voluntary  workshops  for  all  faculty. 

3.  providing  support  for  answering  faculty  questions. 

4.  providing  support  and  models  for  classroom  integra- 
tion. 

Year  1-1991/1992 

The  Curriculum  and  Instruction  Department  began 
implementation  of  the  plan  during  the  1991-92  school 
year.  In  year  1  of  the  project,  all  forty-two  full  time 
faculty  members  in  the  department  were  provided  wit*^  a 
Macintosh  computer  and  access  to  a  local  area  network,  a 
university-wide  backbone  network,  a  local  mail  system , 
and  the  Internet  Thus,  departmental  equipment  money  for 
the  first  year  of  the  project  was  devoted  to  faculty 
computers,  with  the  assumption  that  the  faculty  must  have 
access  to  computers  before  they  can  be  expected  to  use 
computers  in  mstruction. 

Following  the  acquisition  of  the  computers,  the 
workshop  portion  of  the  project  was  immediately  imple- 
mented. The  initial  workshops  were  designed  to  help 
faculty  learn  to  use  the  comjHiters  for  their  own  work  and 
included  sessions  on  word  processing,  spreadsheets, 
telecommunications,  campus  network  access,  Internet 
uses,  desktop  publishing,  and  hypermedia.  Each  lunch- 
hoiu-  workshop  lasted  one  hour  and  featured  "hands-on" 
experiences  and  individual  attention.  The  tone  of  the 
workshops  was  informal  and  supportive.  The  workshop 
facilitator,  a  Ph.D.  student  and  instructor  in  the  depart- 
ment, was  always  assisted  by  several  graduate  students 
who  provided  one-on-one  suj^rt  for  faculty.  Workshops 
were  structured  around  a  single  topic,  so  that  faculty 
could  attend  only  sessions  of  their  choice.  Thus,  faculty 
members  were  encouraged  to  move  at  their  own  pace 
using  the  technology  and  aH)lications  most  important  to 
them  and  their  professional  lives. 

During  the  entire  project,  the  workshop  facilitator  has 
been  available  to  answer  faculty  questions  and  help  solve 
problems  with  the  hardware  and  software.  He  routinely 
answers  faculty  questions  and  makes  "house  calls"  to 
offices  to  troubleshoot  problems.  Also,  the  faculty  who 
teach  the  instructional  technology  courses  encourage  and 
support  the  entire  faculty  in  their  use  of  technology. 
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Year  2 -  1992/1993 

In  addition  to  workshops  and  individual  support,  the 
second  year  of  the  plan  calls  for  the  beginning  use  of 
computer-related  technologies  in  general  education 
courses.  This  was  achieved  in  several  ways.  First,  through 
grants,  two  computer-equipped  classrooms  have  been 
furnished.  A  20  station  networked  Macintosh  LC II 
classrocwn,  equipped  with  videodisc,  CD-ROM,  and  a 
color  LCD  panel  is  available  to  faculty  to  use  for  whole- 
class  instruction.  The  second  facility,  funded  through  a 
National  Science  Foundation  grant,  was  designed  to  be  a 
model  math  and  science  classroom.  It  includes  a  wide 
array  of  hardware  and  software,  as  well  as  math  and 
science  laboratory  equipment  The  goal  of  this  project 
was  to  provide  a  room  that  would  be  equipped  with  a 
variety  of  learning  and  teaching  tools,  including  com- 
puter-related technologies,  all  in  one  classroom.  This 
classroom  is  used  for  math  and  science  methods,  as  well 
as  other  educaticni  courses. 

Other  equipment  and  software  are  available  for  faculty 
wishing  to  use  computer-related  technologies  in  class- 
rooms. Portable  carts  that  include  computers,  LCD  panels, 
CD-ROM  drives,  and  videodisc  stations,  are  available  to 
faculty  on  a  check-out  basis.  Also,  faculty  may  Uoe 
software  fran  the  College  of  Education  computer  lab 
library  for  classroom  use. 

In  order  to  introduce  faculty  members  and  students  to 
available  software,  the  College  of  Education  computer 
labs  have  developed  "Software  of  the  Week**.  Each  week, 
an  introductory  activity  is  set  up  to  use  a  current  computer 
program  or  application.  Individuals,  as  well  as  small 
groups,  are  encouraged  to  participate,  and  often,  faculty 
and  students  woik  together  in  this  activity.  The  hands-on 
experience  is  accompanied  by  a  bulletin  board,  a  hand- 
out, and  if  necessary,  "people**'  support  from  computer 
lab  employees.  The  "Software  of  the  Week**  is  announced 
at  departmental  meetings,  and  often  this  announcement  is 
a  time  to  focus  on  computer-related  questions,  concerns, 
or  suggestions. 

Year  3 -1993/1994 

The  focus  of  the  third  year  of  the  plan  is  integration  of 
computer-related  technologies  into  all  courses.  During 
this  third  year,  it  his  hoped  that  faculty  members  will  be 
comfortable  enough  with  the  computer  to  begin  to  use 
technology  effectively  in  their  classro«ns.  The  depart- 
ment plans  on  providing  support  in  several  ways.  A 
teaching  assistant  will  be  assigned  the  task  of  helping 
faculty  integrate  technology  into  their  teaching.  This 
person,  in  cooperation  with  the  course  instructor  will  help 
in  the  planning  and  development  of  the  lessons  that 
include  technology.  Also,  if  necessary,  the  teaching 
assistant  will  team  teach  or  model  lessons  integrating 
technology.  The  department  believes  the  faculty  will  feel 


the  security  of  this  "safety  net*'  and  wBl  be  less  apprehen- 
sive to  try  new  and  innovative  approaches  to  the  teaching 
of  their  courses.  The  workshops  and  hardware/software 
support  will  continue,  as  in  year  1  and  2  of  the  plan,  but 
the  emphasis  for  this  third  year  wiU  be  placed  on  integra- 
tion. 

SunvYKiry 

It  should  be  noted  that  faculty  participation  is  volun- 
tary; the  faculty,  however,  have  agreed  that  integrating 
technology  is  a  major  departmental  goal  for  each  of  the 
three  years  of  the  project  and  the  department  chair  has 
encouraged  faculty  to  include  goals  for  integrating 
technology  in  their  yearly  professional  goals.  Thus  far, 
faculty  reaction  to  the  project  has  been  very  positive. 
Typically,  fifteen  to  twenty  faculty  members  attend  eiich 
workshop.  A  "computer  culture**  is  growing  among  the 
faculty  who  now  talk  computers  in  the  hall,  share  idea;^ 
for  using  computers  in  classrooms,  solve  problems  for 
each  other,  and  ask  students  for  help  in  solving  problems. 
Increasingly,  faculty  are  using  ccnnputers  and  computer- 
related  technology  in  their  teaching.  Videodisc  use,  CD- 
ROM-based  activities,  spreadsheets  for  school  finance 
and  grading,  simulations  for  classroom  management 
activities,  collaborative  writing  using  a  word  processor, 
telecommunications,  student  projects  using  hypermedia 
and  math  problem  solving  software  are  all  used  increas- 
ingly in  the  teacher  education  program.  By  the  end  of 
Year  3,  it  is  expected  that  computer-related  technologies 
will  be  used  as  routine  tools  to  expand  and  enhance  each 
course  in  the  teacher  education  curriculum.  With  the 
successful  implementation  of  this  model,  students  will 
experience  effective  use  of  educational  technology  and 
will  graduate  with  a  clear  vision  of  how  technologies  can 
improve  the  learning  process. 
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The  infusion  of  technology  into  educaUon  has 
created  an  immense  dilemma  in  the  arena  of 
teacher  education.  How  can  we  best  involve  and 
encourage  teacher  education  faculty  to  model  the  integra- 
tion and  use  of  technology  with  preservice  teachers? 

Cunrentiy  at  Gonzaga  University  the  integration  of 
technology  into  die  preparation  of  teachers  is  accom- 
pUshed  as  students  complete  two  required  courses;  (1) 
Instructional  Media,  and  (2)  Computer  Metiiods  for  the 
Classroom.  Whilr  these  courses  present  a  broad  overview 
of  instructional  sUc^tegies  and  methods  tiiat  might  be 
accomplished  via  technology,  very  few  of  die  otiier 
methods  or  content  area  courses  integrate  technology.  As 
a  result,  not  only  do  preservice  teachers  fail  to  see 
instruction  via  technology  modeled  for  Oiem,  Uiey  are 
rarely  offered  tiie  opportunity  to  use  technology  for  their 
own  instruction,  or  as  a  means  to  practice  teaching 
methods  or  strategies.  Turner  (1989)  also  describes  diis 
problem  seen  in  a  number  of  teacher-training  institutions: 
The  pressure  on  colleges  to  Uain  teachers  who  can  use 
new  technology  effectively  is  increasing  from  state  and 
national  sources,  but  few  colleges  of  education  have 
incorporated  computers  into  tiie  curriculum  outside 
computer  literacy  or  instructional  technology  courses. 
Experts  agree  computer  use  should  extend  to  metiiods  and 
subject  courses. 

In  an  attempt  to  promote  tiie  integration  of  technology 
tiiroughout  tiie  teacher  preparation  program  The  Roving 
Workstation  Project  has  been  proposed.  At  the  inception 
.  of  tiiis  project,  a  number  of  issues  were  identified  tiiat 
have  served  as  obstacles,  preventing  die  faculty  from 
taking  greater  advantage  of  tiie  technology  facilities, 
hardware,  and  software.  A  review  of  tiie  literature 
revealed  tiiat  in  a  survey  conducted  by  tiie  Office  of 
Educational  Research  and  Improvement  (1989),  **,..the 
most  frequentiy  identified  problems  encountered  in 
developing  a  computer  training  program  were  inadequate 
software  (45%),  a  shortage  of  computer-uained  faculty 
(42%),  and  inadequate  hardware  (34%).**  In  a  project  at 
tiie  University  of  Soutii  Alabama  (funded  under  the  Apple 
Model  Program  for  tiie  Integration  of  Computers  in  tiie 
Preparation  of  Educators)  designed  to  facilitate  faculty 
integration  of  hypermedia  into  their  curriculum,  Tucker 
evaluated  tiie  3-year  project  and  found  tiiat  "...tiie  biggest 
need  cited  for  skills  training  was  time  to  practice**. 
(Tucker,  1990).  Additional  needs  identified  by  tiie 
education  faculty  at  Gonzaga  include  uninterrupted  work 
sessions  with  tiie  hardware,  a  means  to  easily  transport  die 
technology  to  a  traditional  classroom,  and  an  incentive 
tiiat  established  the  value  and  worth  of  their  involvement 
and  contribution  to  tiie  integration  of  technology. 

Thus,  tiie  Roving  Workstation  Project  is  designed  to 
facilitate  die  use  of  technology  by  teacher  education 
faculty  by: 


296  Technology  and  Teocher  Educafion  Annual  — 1993 


30d 


1.  providing  easy  access  to  state-of-the-art  technology 
(both  hardware  and  software); 

2.  encouraging  participation  in  the  project  and  reinforc- 
ing the  value  and  importance  of  the  project  by  provid- 
ing a  stipend  to  participating  faculty; 

3.  providing  m  ;ividual  instruction  and  technical  support 
to  the  participating  faculty  during  the  development  of 
instructional  materials. 

At  the  foundation  of  these  basic  practices  will  be  the 
purchase  of  three  multimedia  workstations  that  will  be 
located  on  movable  carts.  The  premise  being  that  select 
faculty  should  have  a  complete  workstation  available  for 
their  individual  use  both  during  the  development  and  the 
instructional  delivery  phase  of  the  project,  and  that  a 
**roving**  workstation  could  be  located  in  the  faculty 
members'  offices  during  development,  and  then  moved 
directly  to  the  classroom  when  the  materials  are  used  for 
instruction. 

Procedure 

The  Roving  Workstation  Project  will  be  completed  in 
five  phases,  (1)  Project  Identification  &  Faculty  Selection; 
(2)  Training;  (3)  Development;  (4)  Classroom  Integration; 
(5)  Revisions  and  Dissemination, 

PriOT  to  the  begmning  of  the  project  a  technology 
leader  will  be  identified.  This  individual  will  provide 
three  essential  services  throughout  the  project.  First,  the 
technology  leader,  along  with  a  selection  cwnmittee 
comprised  of  faculty  members  from  the  Department  of 
Educational  Technology,  the  Department  of  Teacher 
Education,  and  the  Department  of  Special  Education  will 
identify  selection  criteria  and  an  application  format  for 
project  proposals.  The  committee  will  then  select  the 
faculty  members  to  participate  in  the  project  Once  faculty 
have  been  selected,  the  technology  leader  will  serve  as  the 
staff  development  trainer  during  the  development  phase 
of  the  project.  And  finally,  the  technology  leader  will  help 
to  evaluate  and  provide  feedback  to  the  faculty  as  they  use 
their  instructional  materials  in  a  classroom  setting. 

The  essential  components  of  each  of  the  five  phases 
are  briefly  described  below. 

Phase  1 

Project  Identification  &  Faculty  Selection-.  During 
this  phase  interested  faculty  members  will  be  selected 
based  on  the  submission  of  a  brief  proposal  identifying  an 
area  of  instiiiction  which  would  proRi  bom  the  integra- 
tion of  technology.  The  technology  leader  along  with  the 
selection  committee,  will  then  select  three  projects,  based 
on  the  predetermined  criteria.  The  participants  will  then 
work  with  the  technology  leader  to  refme  the  project 
goals  and  create  a  timeline  for  the  development  of 
courseware,  use  in  the  classroom,  and  completion  of 
revisions.  It  is  estimated  that  the  training  and  develop- 


ment of  the  instructional  materials  will  occur  in  one 
semester  and  the  implementation,  evaluation,  and 
revisions  wUl  occur  in  the  second  senoester. 

Phase  2 

Training.  The  training  phase  of  the  Roving  Worksta- 
tion Project  is  critical,  in  that  faculty  will  be  provided 
with  complete  multimedia  workstations,  specifically 
designed  to  meet  their  individual  development  and 
presentaUon  needs.  Thus,  both  hardware  and  software  will 
be  purchased  for  each  project,  and  training  will  be 
completed  with  each  faculty  member  to  meet  individual 
needs.  It  is  estimated  that  the  training  portion  of  the 
project  will  be  conducted  in  one  month,  with  2-3  training 
sessions  occurring  each  week. 

Phase  3 

Development.,  Approximately  two  months  will  be 
devoted  to  the  development  of  the  instructional  materials. 
During  this  time  the  technology  leader  will  assist  indi- 
vidual faculty  members  with  technical  problems  and  also 
serve  as  an  design  consultant.  A  "systems  approach 
model"  (Gagne,  Briggs,  &  Wager,  1992)  for  designing 
instructional  systems  will  be  followed  during  the  develop- 
ment phase.  This  approach,  as  presented  by  Gagne,  is 
used  to  break  the  design  of  the  project  into  nine  stages:  1) 
Instrucdonal  Goals;  2)  Instructioual  Analysis;  3)  Entry 
Behaviors  and  Learner  Characteristics;  4)  Performance 
Objectives;  5)  Criterion-Referenced  Test  Items;  6) 
Instructional  Strategy;  7)  Instructional  Materials;  8) 
Formative  Evaluation;  and  9)  Summative  Evaluation.  The 
fust  seven  of  these  stages  will  be  completed  during  the 
development  phase  of  die  project.  Stages  eight  and  nine 
will  be  conducted  in  later  phases  of  the  project.  It  is 
imperative  at  tiiis  phase  of  the  project  that  die  technology 
leader  work  closely  witii  each  faculty  member,  assessing 
die  completion  of  each  stage  of  development,  but  also 
serving  to  minimize  frustration  and  maximize  Uie  faculty 
members'  efforts  with  the  technology. 

Phase  4 

Classroom  Integration.  During  tiiis  phase  of  die 
project,  students  will  be  introduced  to  the  instructional 
materials  eitiier  tiwough  classroom  demonstrations  or 
individual  work  sessions.  The  technology  leader  will 
again  serve  as  a  consultant  to  die  faculty  member, 
attending  class  sessions  when  die  technology  is  being 
used,  or  supervising  students  tiiat  might  use  die  technol- 
ogy during  individual  work  sessions.  In  this  case,  tiie 
technology  leader  will  be  able  to  provide  feedback  on  tiae 
actually  classroom  situation,  as  well  as  providing  techni- 
cal support  diiring  mstruction.  Togetiier,  the  faculty 
member  and  die  technology  leader  will  conduct  a  forma- 
tive evaluation  of  tiie  integration  phase  of  the  project. 
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Phase  5 

Revisions  and  Dissemination.  Based  on  fonnative 
evaluation  conducted  in  Phase  4,  revisions,  cither  in  the 
instructional  materials  or  the  delivery  of  instruction,  will 
be  completed.  As  revisions  are  finalized  the  projects  will 
be  shared  with  other  School  of  Education  faculty  mem- 
bers and  submitted  for  review  at  professional  conferences. 

As  stated  earlier,  the  completion  of  Phases  1-3  will 
occur  in  the  first  semester  that  a  faculty  member  is 
involved,  while  Phases  4  and  5  will  be  conducted  in  the 
second  semester.  It  is  hoped  that  the  project  will  support 
three  new  faculty  members  each  semester  for  three 
semesters.  A  timeline  outlining  faculty  participation  is 
shown  in  Table  1. 

The  rotating  schedule  for  Phases  1-3  and  Phases  4-5 
provides  for  the  greatest  number  of  faculty  participants 
(approximately  18%  of  the  School  of  Education  faculty 
and  50%  of  the  Teacher  Education  and  Special  Education 
faculties),  and  also  provides  an  (^portunity  for  faculty  to 
consult  each  other  as  they  move  through  the  project. 

In  order  to  fully  evaluate  the  success  and  impact  of  the 
Roving  Workstation  Project,  both  quantitative  and 
qualitative  data  will  be  collected  from  participating 
faculty  concerning  prior  instructional  methods,  their 
perceptions  of  student  reactions  and  participation  with 
past  instructional  methods,  and  students'  reactions  and 
feedback  foUowing  the  integration  of  technology  in  Uie 
specified  instructional  project. 

Expected  Results  ond  Potenfial  Outcomos 

It  is  hoped  tiiat  the  Roving  Workstation  Project  will 
enable  teacher  education  faculty  the  opportunity,  support, 
and  technical  assistance  required  to  successfully  integrate 
technology  into  tiie  teacher  education  curriculum.  Future 
investigations  into  the  impact  of  tiie  project  on  students 


(i.e.,  future  teachers)  will  hopefully  reveal  an  increase  in 
use  of  technology  as  an  instructional  tool,  as  well  as  an 
improvement  in  the  sophistication  of  the  type  of  technol- 
ogy students  use. 

Proposed  Budget  (Approximate) 
Equipment: 

3  Multimedia  Workstations  (@  $7,500  ea)  $22,500 
Computer  Workstations  $4,000 
Laserdisc  Player  $1,500 
CD-ROM  Player  $1,000 
Large  Screen  Monitor  $  1  »0(X) 

Subtotal  $7,500 

3    Movable  Multimedia  Carts  (@  $400  ea)  $1,200 

3  LCD  Display  Devices  (@  $1,500  ea)  $4,500 
Computer  Software 

(@  $1,500  per  workstation)  $4,500 

Personnel: 

Faculty  Stipends  during  Phase  1-3  $9,0(X) 

(@  $1,000  per  faculty  member) 
Technology  Leader 

(1  course  equivalent  per  semester)  $10,000 


Total  $51,700 


Pilot  of  the  Roving  Workstation  Project 

Funding  for  the  Roving  Workstation  Project  has  been 
requested  and  is  pending  final  approval.  However,  during 
tiie  spring  semester  of  1993,  one  faculty  nember  has 
volunteered  to  pilot  tiie  project.  While  tiiis  participant  has 
not  gone  through  tiie  proposed  selection  process  and  wiU 


Table  ^ 

Oiitiinfj  of  fnciiltv  Darticioatlon  In  the  RovlrtQ  Workstation  Project 

Faculty  in 
Phases  1-3 

Faculty  in 
Phases  4-5 

Faculty  Completed 

Semester  1 

3 

0 

0 

Semester  2 

3 

3 

0 

Semester  3 

3 

3 

3 

Semester  4 

0 

3 

6 

Semester  5 

0 

0 

9 
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not  be  paM  the  stipend,  *  ier  phases  of  the  project  will 
be  carried  out. 
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Introduction 

Technology  is  increajsingly  common  in  schools  and 
universities  as  a  means  to  create  different  types  of 
learning  experiences  for  students.  Software 
authoring  programs  such  as  HyperCard  and  SuperCard  for 
the  Macintosh  provide  practical  tools  for  producing 
technology  mediated  instructional  materials.  'Fhcse 
software  applications  also  offer  simple  mechanisms  for 
controlling  external  devices  such  as  videodisc  players.  In 
turn,  the  combination  of  computers  with  interacUve 
videodiscs  make  it  possible  to  produce  a  variety  of 
realistic  and  stimulating  learning  environments. 

Investigations  into  the  potential  uses  and  the  effective- 
ness of  interactive  videodisc  environments  suggest  that 
they  may  provide  an  excellent  way  to  "anchor**  instruction 
in  real  problem  situations  and  thus  improve  student 
comprehension  of  content,  problem  solving  abilities,  and 
higher  level  thinking  skills  (Shenvood,Kinzer,  Braiisford, 
and  Franks,  1987).  As  such,  context  rich  environments 
can  encourage  the  acquisition  of  knowledge  that  may  be 
used  to  understand  what  is  happening  in  real-life  situa- 
tions (Cognition  and  Technology  Group  at  Vanderbilt, 
1990). 

The  potential  for  infonnation  to  be  learned  as  knowl- 
edge in  context  rather  than  isolated  facts  to  be  memorized 
would  seem  to  lend  itself  to  the  goals  of  teacher  education 
programs.  The  belief  in  this  potential  led  to  the  production 
of  numerous  interactive  videodisc-based  instructional 
materials  for  a  teacher  education  program  at  Cleveland 
State  University.  Each  program  consisted  of  text-based 
background  information,  a  teacher's  lesson  plan,  teacher 
comments,  references,  examples  of  student  work,  and  a 
video  which  may  be  accessed  via  connections  in  the 
database.  Also  included  under  the  umbrella  of  programs 
were  a  simulation  that  enabled  faculty  to  provide  their 
classes  with  first-hand  experience  in  learning  how  to 
administer  an  infonnal  reading  inventory,  a  program  that 
enabled  education  students  to  observe  and  record  the 
amount  of  reading  and  writing  occurring  in  four  content 
area  classrooms,  and  a  videodisc  presenter  utility  which 
allowed  faculty  to  create  customized  video  presenialions. 

To  introduce  faculty  to  the  benefits  of  instructional 
technology,  a  Videodisc  Project  team  made  presentations 
on  technology  and  its  potential  to  more  than  fifty  faculty 
on  a  College,  department,  and  individual  basis.  More  than 
thirty  faculty  members  attended  quarterly  workshops  on 
the  use  of  videodisc  technology.  Prior  to  the  exploratory 
study,  nine  faculty  members  had  been  closely  involved  in 
the  actual  production  of  instructional  materials.  An 
additional  eleven  faculty  members  provided  content 
expertise  to  the  project  team. 

Although  the  Videodisc  Project  had  been  available  for 
more  than  three  years,  the  project  was  not  meeting  its 
potential.  Its  initial  use  centered  primarily  around  one 
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course,  llierefore,  it  was  determined  that  the  key  factors 
related  to  faculty  members*  decisions  to  implement  tlie 
technology  needed  to  be  identified.  In  order  to  investigate 
these  factors,  a  survey  was  conducted,  using  question- 
nairCvS  and  interviews,  in  which  the  faculty  were  asked 
about  u  \\r  experiences  widi,  feelings  about,  and  expecta- 
tions of  the  interactive  videodisc  technology.  Information 
was  gathered  to  determine  ways  to  improve  the  services 
provided  by  the  Videodisc  Project  to  the  faculty,  and 
possibly  increase  the  use  of  the  videodisc  technology  in 
the  curriculum. 

Mothod 

Subjects 

Since  the  Videodisc  Project  became  available  for  use 
in  the  teacher  education  program,  24  full-  and  part-time 
faculty  have  taught  in  the  core  curriculum.  Of  those  who 
participated  in  leaching  these  classes,  only  half  have  used 
the  technology.  Because  of  the  exploratory  nature  of  tlie 
study,  the  small  population  involved,  and  the  anticipation 
that  not  all  questionnaires  would  be  returned,  the  sample 
consisted  of  all  24  teachers  who  had  taught  in  the  core. 
The  sample  included  twelve  full-time  tenure  track  faculty, 
two  full-time  faculty  who  had  moved  to  other  universities, 
and  ten  visiting  insuuclors.  Five  of  the  ten  visiting 
instructors  were  involved  in  the  production  of  instruc- 
tional materials. 

Survey 

A  questionnaire  was  developed  in  a  free  response 
format.  This  format  was  used  in  order  to  allow  the 
respondents  to  indicate  the  reasons  behind  their  decisions 
to  implement  the  videodisc  technology,  ratlier  than 
respond  to  predelennined  factors.  The  questionnaire 
encouraged  the  faculty  to  respond  to  open-ended  ques- 


tions. Each  questionnaire  incl,  cfcd  items  for  those  who 
had  used  the  videodisc  technology  and  for  those  who  had 
not. 

The  survey  was  conducted  by  a  faculty  member  who 
was  not  a  member  of  the  project  staff  to  assure  participant 
confidentiality,  In  the  introductory  letter,  the  purpose  of 
the  survey  was  explained.  Of  the  24  questionnaires  sent, 
15  (62.5%)  were  returned.  Of  these,  eight  were  from 
faculty  who  had  used  the  technology,  six  were  from 
facuhy  who  had  not  used  the  technology,  and  one  did  not 
complete  the  questionnaire.  Once  all  questionnaires  were 
received,  the  data  were  examined  for  patterns  of  responses 
in  order  to  identify  factors  involved  in  the  faculty's  choice 
of  whether  or  not  to  implement  the  videodisc  technology. 

In  order  to  further  investigate  these  factors,  semi- 
structured  interviews  were  conducted  with  two  of  the 
faculty  who  had  received  the  questionnaire.  One  faculty 
member  who  used  the  technology,  and  one  who  does  not 
use  the  technology  volunteered  to  be  interviewed. 

Results 

As  the  purpose  of  the  study  was  to  determine  what 
factors  were  part  of  the  decision  making  process,  no 
comparisons  were  made  between  the  groups  of  respon- 
dents who  had  used  and  those  who  had  not  used  the 
interactive  videodisc  technology.  Instead,  the  responses 
were  examined  for  any  patterns  which  might  have  existed 
in  decisions  of  wnether  or  not  to  use  the  technology 
(CqKland  &  de  la  Cruz,  1990).  The  patterns  of  responses 
were  strikingly  similar  in  those  who  used  the  technology 
anf'  those  who  did  not.  And  as  a  result,  several  factors  did 
surface  which  appear  to  be  part  of  the  decision  making 
process  in  whetlier  or  not  to  implement  the  interactive 
videodisc  technology.  (See  figure  1) 


Figure  1 . 
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One  of  the  most  salient  factors  across  the  respondents 
was  the  perception  of  the  potential  of  interactive  video- 
disc technology  in  a  teacher  education  program.  The 
value  of  this  technology  was  seen  in  the  realistic  experi- 
ences it  provides  for  students.  Specifically,  respondents 
ccMiunented  on  the  usefulness  of  the  technology  for 
modeling  teaching  strategies  and  assessment  techniques. 
"Seeing  teachers  actually  teaching  was  very  helpful  to  the 
students.  Modeling  strategies  was  probably  the  best 
feature"  was  mentioned  by  one  respondent  who  had  used 
the  technology.  Another  respondent  who  had  not  used  the 
interactive  videodisc  technology  reported  that  its  greatest 
potential  would  be,  "Giving  students  actual  samples  of 
teaching  strategies  on  the  following:  lesson  development, 
discipline,  motivation,  teaching  models  and  styles." 
Another  respondent  stated,  "Actually  observing  some  of 
the  concepts  discussed  in  class  helps  enhance  leaming  and 
prepare  students  for  implemenUng  similar  strategies." 
Thus,  the  interactive  videodisc  technology  allows  the  pre- 
service  student  the  opportunity  to  observe  teachers  using 
what  they  have  learned  in  lectures  and  textbooks,  making 
that  information  more  robust. 

When  asked  how  the  interactive  videodisc  technology 
provided  a  leaming  opportunity  which  was  not  met  by  the 
field  visits,  the  two  professors  interviewed  both  men- 
tioned that  the  editing  feature  in  making  the  videodiscs 
provided  a  quality  control  not  available  in  the  field 
placements.  But  more  importantly,  the  videodisc  technol- 
ogy allowed  one  to  stop  the  action,  replay  it,  and  thus  help 
the  pre-service  students  focus  in  on  particular  aspects  of 
the  learning  situation.  Having  all  pre-service  students 
obsc/ve  the  same  situation  also  encouraged  greater  depth 
in  discussions.  One  respondent  described  the  strength  of 
the  videodisc  technology:  "Actually  allowing  students  to 
view  ongoing  classroom  activities,  followed  by  debrief- 
ing, and  discussions  was  an  asset  to  developing  knowl- 
edge and  providing  scaffolding  for  students."  The 
technology  was  seen  as  the  way  to  bring  the  realistic 
models  of  teaching  into  the  classroom.  It  also  provided  a 
shared  observational  experience. 

Another  beneficial  aspect  of  the  technology  was  the 
ability  to  provide  variety  in  instructional  techniques.  The 
following  statement  illusttates  this  factor  "Most  typical 
methods  tend  to  involve  one  or  two  modalities  (i.e., 
sound,  discussion);  videodiscs  permit  the  incorporation  of 
sight,  sound,  and  discussion  -^^inking  on  the  spot,  and 
responding  to  educational  pedagogy  as  it  occurs."  The 
potential  benefit  of  using  the  interactive  videodisc  to 
provide  variety  in  instruction  was  mentioned  by  those 
respondents  who  had  used  the  interactive  videodisc 
technology  and  those  who  had  not. 

All  of  the  respondents  felt  that  leaming  about  technol- 
ogy was  an  important  part  of  the  pre-service  teachers' 
education.  One  wrote,  "This  is  the  computer  age,  teachers 


must  know  the  many  uses  of  computers  (instruction,  word 
processing,  drill,  grading,  etc.)  It  helps  teachers  and 
students  work  smarter,  not  harder."  Many  respondents 
stated  that  technology  was  an  important  part  of  their 
future,  and  that  the  interactive  videodisc  technology  was 
an  important  way  to  meet  that  need.  Their  responses  also 
indicated  that  most  expected  the  pre-service  teachers  to 
use  technology  when  they  became  teachers.  The  respon- 
dents also  felt  that  the  use  of  the  interactive  videodisc 
technology  would  be  an  effective  way  to  model  the 
importance  c  ^  using  technology  in  the  classroom. 

These  factors  are  all  seen  as  important  components  in 
the  use  of  the  interactive  videodisc  technology  in  the 
teacher  education  program.  The  fact  that  students  can 
deepen  their  comprehension  of  the  concepts,  methods  and 
strategies  taught,  by  watching  and  then  discussing  what 
they  have  seen  is  very  valuable.  The  ability  to  teach  skills 
such  as  observation,  monitoring,  and  evaluating  is  an 
important  factor  to  the  professors.  Also,  the  experience  of 
using  a  variety  of  methods  in  teaching  was  seen  as 
essential  for  pre-service  teachers.  Given  these  benefits,  as 
seen  by  the  respondents  who  have  used  and  those  who 
have  not  used  the  technology,  how  could  use  of  the 
interactive  videodisc  project  be  improved? 

Several  factors  relating  to  problems  with  the  use  of  the 
interacUve  videodisc  technology  were  seen  across  a 
majority  of  the  respondents.  The  questions  askmg  for 
disadvantages  of  the  technology  and  possible  incentives 
for  faculty,  illuminated  another  common  thread  among  all 
respondents— the  issue  of  time.  The  time  it  took  to  learn 
how  to  use  the  videodisc  technology  was  mentioned  as  a 
prohibitive  factor.  One  respondent  who  used  the  technol- 
ogy stated  that  it  was  necessary  to  "Give  up  time  usually 
devoted  to  presenting  content  to  instruct  students  in 
videodisc  usage."  Another  respondent  mentioned  a 
disadvantage  of  the  videodisc  technology,  "Great  deal  of 
start-up  time.  Students  have  had  to  endure  leaming  how  to 
use  videodiscs  effectively  by  instructors." 

The  time  to  plan  how  to  use  this  technology  effec- 
tively was  mentioned  by  many  of  the  faculty  who  had 
used  it  as  well  as  those  who  had  not  implemented  it  in 
their  course.  A  respondent  who  had  used  the  technology 
stated,  *Tt's  very  time  consuming  to  plan  for  how  exactly 
the  videodisc  may  fit  into  your  course."  Another  respon- 
dent who  had  not  used  the  technology  gave  one  reason  as. 
"lack  of  time  due  to  time  commitments  of  course  load, 
advising  load,  research,  etc." 

Other  problems  with  using  the  videodisc  technology 
included  the  time  it  took  for  students  and  professors  to  use 
the  technology.  Time  was  an  important  factor  in  and  of 
itself,  but  it  also  led  to  other  problems.  In  order  to 
implement  this  technology,  sacrifices  had  to  be  made  by 
some  professors.  One  wrote,  using  the  technology  "pre- 
empts scholarly  work  and  attention  to  other  aspects  of 
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teaching."  Another  stated,  "There  is  not  enough  class  time 
to  use  them  effectively,  and  when  students  view  them 
outside  of  class  they  don't  have  the  skills  to  work  the 
equipment  properly,  and/or  they  don't  really  view  them 
thoroughly." 

Problems  with  time  to  learn  to  use  the  technology 
must  be  seen  as  very  important  to  whether  a  professor  will 
make  the  effort  to  implement  this  particular  leaching 
strategy.  Thus,  in  order  for  faculty  to  decide  to  implement 
the  interactive  videodisc  technology,  the  issues  of  time  to 
plan,  tevise,  and  learn  the  technology  must  be  addressed. 

Another  important  factor  voiced  by  all  respondents 
was  the  neea  for  more  training  in  how  to  use  the  interac- 
tive videodisc  technology.  This  need  was  stated  by 
respondents  who  had  used  the  material  and  did  not  feel 
comfortable  in  using  the  technology  on  their  own.  As 
well,  respondents  felt  that  "actual  hands-on  demonstra- 
tions and  practice  is  paramount"  and  that  "more  technical 
skill"  was  impwtant  for  faculty  to  feel  more  inclined  to 
use  the  technology. 

Another  need  was  to  provide  more  inservice  to  the 
faculty  about  the  project.  As  one  respondent  stated, 
"Perhaps  making  available  information  about  the  project 
and  what  materials  you  have  available  that  could  be 
useful."  Another  respondent  reiterated  this  concern,  " 
Schedule  another  round  of  sessions  for  training  us  on  the 
usage  and  what  is  available."  In  order  for  faculty  to  use 
the  materials  they  need  to  be  aware  of  what  is  available 
for  their  use  and  they  need  to  be  trained  in  how  to  use  the 
materials  which  are  available.  Only  faculty  who  are  aware 
of  the  existence  of  the  technology  and  the  materials 
aK>ropriate  for  their  course  will  make  use  of  them. 

Respondents  called  for  more  materials.  As  one 
respondent  who  has  not  used  the  project  stated,  **The 
emphasis  has  not  been  on  my  course  material."  It  is 
important  that  the  faculty  recognize  the  appropriateness  of 
the  materials  for  their  course  if  they  are  going  to  be 
willing  to  take  the  time  to  try  to  implement  the  technology 
in  their  course.  One  respondent  who  had  used  the  materi- 
als suggested,  *To  have  demonstrations  of  discs  pertinent 
to  their  sutgect  would  encourage  the  faculty  to  use  the 
equipment." 

Similar  to  the  expressed  need  for  appropriate  materi- 
als, several  respondents  suggested  that  the  opportunity  to 
be  involved  in  developing  videodiscs  would  be  an 
incentive  for  faculty.  One  respondent  stated  that  "Consul- 
tation in  disc  development"  might  provide  an  incentive 
for  faculty  to  become  involved,  while  another  went 
further  in  stating  that,  "Collaborative  development  of 
discs"  was  necessary  in  order  for  faculty  to  become 
interested.  This  collaborative  effort  can  be  viewed  as  a 
way  to  involve  the  faculty,  so  that  there  would  be  more  of 
a  willingness  to  use  the  videodisc  technology. 

Administrative  support  v.  as  also  voiced  as  a  need  for 


faculty  to  become  involved.  One  respondent  stated, 
"Honoring  requests  for  administrative  feedback  and  (at 
best)  expression  of  interest  would  help.  This  teaching 
mstitution  needs  to  care  enough  about  the  quality  of 
instruction  to  support  continued  use  and  expounded  use  of 
this  important  technology."  This  need  for  administrativ«j 
support  can  be  seen  m  the  limitations  of  time  to  imple- 
ment innovations  m  courses.  The  fact  that  thwe  are 
inadequate  facilities  for  the  number  of  students  to 
effectively  use  the  technology  was  also  a  problem.  As 
well,  the  inconvenience  of  the  facilities  can  be  seen  as  a 
lack  of  administrative  support.  One  of  the  faculty  inter- 
viewed discussed  the  drawbacks  of  taking  the  time  to  plan 
and  develop  materials  and  then  not  being  able  to  use  them 
because  of  limited  facilities  or  the  difficulty  in  getting  to 
the  facihties  in  the  time  available  for  the  class. 

Discussion 

The  intent  of  this  survey  study  was  to  discover  the 
factors  involved  in  faculty  decisions  to  implement  or  not 
to  implement  the  videodisc  technology  which  was 
available  through  the  Videodisc  Project.  Several  sugges- 
tions on  ways  to  improve  dae  planning  and  implementa- 
tion of  videodisc  technology  were  advanced  based  on  the 
results.  The  faculty  who  responded  to  the  questionnaire 
s<je  the  interactive  videodisc  materials  as  valuable  and 
worthwhile  in  teacher  education.  The  benefits  it  can 
provide  the  pre-service  teachers  are  in  a  deeper  under- 
standing of  pedagogy  and  how  the  information  they  are 
asked  to  learn  in  their  course  work  is  actually  going  to  be 
used  m  the  classroom. 

Additionally,  the  interactive  videodisc  technology 
offers  the  opportunity  to  teach  certain  skills  which  would 
be  difficult  without  the  ability  to  view  and  discuss  models 
of  good  teachmg.  It  is  seen  as  an  excellent  way  to 
complement  the  experiences  the  pre-service  students  have 
in  the  field.  By  providing  the  entire  class  an  opportunity 
to  view  a  learning  situation  and  then  to  discuss  the  various 
levels  upon  which  interaction  or  learning  is  taking  place, 
the  interactive  videodisc  technology  can  help  pre-service 
teachers  understand  the  importance  and  usefulness  of  the 
material  learned  in  their  course  work. 

However,  despite  the  perception  of  these  benefits, 
factors  which  prohibit  some  faculty  from  making  the 
effort  to  use  the  technology  are  considerable.  Faculty 
require  time  to  learn  the  skills  involved  in  using  technol- 
ogy in  their  classrooms.  The  need  to  feel  comfortable  at 
using  new  technology  and  methods  is  seen  as  a  necessary 
but  difficult  to  reach  outcome  of  mservice  programs 
(Copeland  &  de  la  Cruz  1990).  All  respondents  felt  the 
need  for  more  professional  development  opportunities 
with  the  technology.  The  faculty  who  have  used  the 
videodiscs  did  not  feel  that  they  or  their  students  could 
use  it  effectively  without  the  aid  of  the  Project  staff. 
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However,  several  stated  that  with  more  training  they 
would  feel  more  comfortable  in  their  abilities. 

The  need  for  more  discs  to  address  t!  e  content  and 
focus  of  the  different  courses  was  also  expressed.  Several 
faculty  suggested  the  opportunity  to  collaborate  in  making 
discs  as  one  effective  way  to  meet  this  need.  This  collabo- 
rative effort  would  meet  two  requirements;  the  develop- 
ment of  more  discs,  and  the  creation  of  materials  which 
address  the  content  needs  of  particular  courses.  Collabora- 
tion would  also  provide  the  faculty  with  a  feeling  of 
ownership  in  the  Project  and  a  firsthand  knowledge  of 
how  it  can  be  specifically  beneficial  for  them 
(Wideen,1987).  Unfortunately,  the  aeation  of  new 
materials  requires  an  additional  time  commitment  on  the 
part  of  faculty  who  are  akeady  pressed  for  time. 

Other  suggestions  made  by  the  respondents  addressed 
concerns  they  feel  must  be  addressed  by  the  administra- 
Uon  rather  than  the  Project  staff.  The  opportunity  for  time 
to  plan  and  develop  materials  would  need  to  be  provided 
by  the  administration.  As  well,  planning  the  location  of 
the  courses  so  that  lab  facilities  housing  interacUve 
videodisc  equipment  would  be  more  readily  available 
could  only  be  worked  out  with  the  support  of  the  adminis- 
tration. One  respondent  stated,  "It  is  very  inconvenient  to 
use  the  technology  in  the  classrooms  assigned  to  us." 
Support  from  all  levels  of  the  administration  is  very 
important  for  the  acceptance  of  new  methods  (Grif- 
fin, 1987). 

It  would  appear  that  in  order  for  the  interactive 
videodisc  technology  to  be  implemented  to  a  greater 
degree,  work  will  have  to  be  done  by  faculty,  the  Project 
staff,  and  the  administration.  As  one  respondent  stated  m 
defining  what  would  be  a  good  incentive  for  faculty, 
"Start  with  a  felt  need."  In  other  words,  the  faculty  first 
need  to  be  interested  in  using  the  interactive  videodisc 
technology  to  improve  their  teaching.  But  as  another 
stated,  "Sharing  of  how  they  [mteractive  videodiscs]  have 
been  used  successfully"  by  the  Project  staff  in  a  profes- 
sional development  program  would  help  faculty  to 
recognize  the  potential  of  this  technology.  Finally,  if 
faculty  are  to  dedicate  the  time  and  effort  needed  to 
implement  interactive  videodisc  technology,  the  adminis- 
tration must  demonstrate  an  interest  in  promoting  its  «se 
by  providing  time  for  faculty  to  learn  and  plan  as  well  as 
the  facilities  needed  to  implement  the  technology  effec- 
tively. 
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Bockground 

The  Learning  Technologies  Program  (LTP)  was  a 
series  of  woikshops  developed  and  offered  by 
Cornell  Information  Technologies  as  a  pilot 
project  sponsored  by  Apple  Computer,  Inc.,  during  the 
1991-1992  academic  year.  The  goal  of  the  workshops  was 
to  help  faculty  who  are  technical  neophytes  to  learn  to  use 
information  technologies  to  enhance  their  instructional 
activities. 

The  underlying  concept  of  the  LTP  was  that  the 
'Instructional  computing*'  support  paradigm  for  faculty 
had  to  be  modified*  We  agreed  with  the  notion  about 
faculty  expressed  recently  by  David  Smallen  (1992), 
Director  for  Information  Technology  Services  and 
Institutional  Research  at  Hamilton  College:  **Making  the 
transition  from  being  a  non-user,  or  an  occasional  user,  to 
a  user  in  the  classroom  is  nearly  impossible  unless 
intermediary  steps  are  taken/' The  LTP  was  one  such 
intermediary  step. 

Since  the  Leaming  Technologies  Program  was  driven 
by  instructional  goals  rather  than  technical  ones,  we 
started  by  focusing  on  the  specific  objectives  of  each 
faculty  participant  Faculty  participants  were  encouraged 
to  set  their  own  objectives  based  on  some  pedagogical 
challenge  they  were  straggling  with,  however  small,  for 
which  technology  might  offer  some  solution.  A  variety  of 
methods  was  used  —  with  an  emphasis  on  Macintosh 
hands-on  sessions  —  to  offer  a  palette  of  technological 
solutions  that  would  help  faculty  fmd  the  technology 
more  accessible,  adaptable  and  meaningful. 

During  the  1991-1992  academic  year,  the  LTP  served 
224  participants  from  18  states  and  two  other  countries 
(Canada  and  Turkey);  they  represented  43  schools, 
predominantly  two-  aiKl  four-year  teaching  institutions. 
Although  the  majority  of  participants  came  from  the 
northeast,  there  was  inaeased  representation  from 
elsewhere  in  the  country  as  the  year  p-ogiessed  and  the 
LTP  became  mote  known.  Half  the  participants  were 
from  New  York  State. 

Foculty  Participants:  \Aftiot  They  Did  and  What 
They  Said 

Faculty  were  encouraged  to  attend  the  workshop  with 
a  technical  partner  from  the  home  institution.  Sharing  the 
worksh(^  experience  gave  the  faculty  member  a  **private 
consultant,"  a  sense  of  institutional  support,  and — perhaps 
most  significantly— a  greater  chance  of  fulfilling  his  or 
her  objectives  upon  the  return  home. 

The  three-day  event  included  a  variety  of  activities. 
Five  non-discipline-specific  hands-on  sessions  comprised 
the  core  curriculum:  Dynamic  Lecture  Tools,  Introduction 
to  HyperCard,  Digitizmg  and  Images,  Visual  Databases 
(Using  Videodiscs),  and  More  About  HypeiCard.  The 
sessions,  created  by  a  team  of  staff,  were  linked  by 
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workshq)  format  and  hand-out  design.  Specific  examples 
were  also  repeated  in  multiple  sessions  to  offer  reinforce- 
ment and  the  "comfort  of  recognition**  for  newcomers  to 
technology.  It  was  the  faculty  participants  who  suggested 
that  we  link  the  five  sessions. 

Registration  brochures  invited  participants  to  "bring 
their  stuff,"  i.e.,  to  bring  the  slides,  photos,  and  other 
classrocHn  treasures  they  had  stashed  away  over  the 
years — to  be  integrated  into  the  outline  or  template 
solution  to  be  started  at  Cornell.  We  came  to  realize  that 
the  LTP's  target  audience  was  so  new  to  the  use  of 
technology  that  readers  did  not  understand  what  kinds  of 
raw  materials  to  bring;  they  could  not  imagine  the  kinds 
of  technological  integration  we  were  describing.  We 
therefore  adapted  this  concept  into  a  more  defined,  guided 
**projecf  *  experience. 

Once  at  Cornell,  then,  participants  were  offered 
suggestions  for  outlines  and  templates  that  could  be 
aeated  to  solve  the  pedagogical  problem  they  had  defined 
in  the  pre-workshop  questionnaire.  Specified  times  were 
allotted  for  the  partners  to  work  together  on  these  projects 
with  significant  consulting  help  available.  The 
workshop's  final  session — ^a  "show  and  tell"  of  these 
projects — became  a  favorite  amongst  participants. 
Although  the  projects  were  only  "beginnings",  the 
participants*  enthusiasm  and  empowerment  were  clearly 
in  evidence.  To  maintain  the  sense  of  community  and 
follow-up  on  the  participants*  progress  at  home,  we 
established  a  newsletter,  LTPnews,  and  an  on-line  mail- 
list,  LTP'Link, 

A  systematic  follow-up  with  all  199M992  partici- 
pants is  in  progress  at  this  writing.  First  results  emphasize 
three  areas  of  growth.  Faculty  indicated  that  they  had 
many  more  ideas  for  the  possibilities  that  technology 
could  offer  them  in  instruction.  They  were  more  ready  to 
become  advocates  for  technology  on  their  campuses.  And, 
in  some  cases,  they  were  willing  to  pursue  granting 
opportunities  to  continue  the  work  they  started  at  Cornell. 

Other  participant  feedback  indicated  that  the  gains 
were  sOTietimes  immediate  and  unexpected.  One  faculty 
member  reported  that  she  was  able  to  evaluate  a  new 
software  program  with  a  far  more  knowledgeable  and 
critical  eye.  Numerous  participants  commented  on  their 
loss  of  "technophobia**.  Many  used  the  words  "not 
intimidated  any  more,**  "shortened  learning  curve,**  and 
"empowered**.  They  expressed  plans  to  actually  do  their 
projects  back  at  home — ^and  sent  their  colleagues  to  the 
next  LTP  event. 

What  Hove  We  Loomed? 

We  have  learned  a  great  deal  offering  the  Learning 
Technologies  Program.  Fu-st  and  foremost,  we  have  a 
heightened  ai^reciation  for  the  help  that  faculty  need  to 
first  start  using  technology,  especially  in  instruction.- 


When  training  faculty  to  use  technology  in  instruction,  the 
line  between  training  and  consulting  becomes  quite  fuzzy. 
(Note,  for  instance,  the  tremendous  value  of  the  individual 
projects  started  by  participants.)  The  process  is  labor 
intensive  and  expensive:  if  we  begin  with  the  assumption 
that  faculty's  role  on  campus  does  not  necessarily  include 
technology,  then  we  recognize  that  helping  faculty  take 
this  first  step  requires  the  dedication  of  quality  resources. 

Each  LTP  session  included  exposure  to  "faculty 
exemplars:**  faculty  who  had  successfully  integrated 
technology  into  their  instructional  activities.  Not  surpris- 
ingly, participants  responded  enthusiastically  to  their  own 
peers*  demonstrations  and  discussions.  We  found  the 
lecture-demonstration  mode  of  including  these  exemplars 
to  be  consistently  effective,  reliable,  and  cost  effective. 
This  session  was  often  followed  by  spontaneous  discus- 
sions and  brainstorming  about  possible  uses  of  informa- 
tion technologies  in  instruction  as  well  as  strategies  for 
obtaining  necessary  resources.  Participants  reported  being 
very  inspired  by  this  component  of  the  program. 

The  LTP  made  effective  use  of  participants*  feedback: 
there  was  an  ongoing  process  of  seeking— and  responding 
to — the  suggestions  of  a  knowledgeable  clientele.  In 
addition,  the  use  of  professional  evaluators  immediately 
raised  the  quality  of  the  LTP.  Our  follow-up  with  the  first 
evaluators — inviting  them  back  to  offer  our  staff  a 
"methods  of  teaching"  workshop — significandy  quick- 
ened the  pace  of  the  program*s  refinement. 

Where  Do  We  Go  From  Here? 

The  LTP  seemed  to  touch  an  important  nerve  for 
faculty.  The  woricshops  quickly  became  oversubscribed. 
Participants  asked  permission  to  reproduce  materials  to 
share  at  home.  Numerous  callers  requested  that  we  travel 
to  their  schools  to  offer  the  workshops  there.  At  the  same 
time,  it  seemed  more  cost  effective  to  find  ways  to 
leverage  the  work  we  had  done  and  help  others  be  able  to 
offer  the  LTP  curriculum  themselves.  As  a  result,  we  are 
offering  Train  the  Trainer  workshops  to  our  counterparts 
during  the  LTP*s  second  year. 

The  fu-st  Train  the  Trainer  sessions  aie  scheduled  as  a 
pre-EDUCOM  Conference  seminar  in  October,  1992,  and 
at  Cornell  in  January,  1993.  Participants  should  be  those 
who  are  charged  with  training  faculty  in  the  use  of 
Macintosh  technology — or  those  whose  staff  will  be 
charged  to  do  so.  The  program  includes  both  pedagogical 
and  technical  issues. 

We  are  hoping  that  offering  an  entire  suite  of  materials 
and  methods  for  iniegrated  hands-on  sessions  will  provide 
our  counterparts  with  a  significant  "kick-off*  to  their  own 
programs  at  a  manageable  cost.  Many  schools  can  afford 
to  put  together  one  or  two  (two-hour)  sessions;  four  or 
five  become  too  expensive  without  help.  All  Train  the 
Trainer  participants  will  receive  extensive  materials  (hard 
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copy  and  electronic:  course  hand-outs,  demonstration 
files,  instructor  guides) — with  an  invitation  to  modify 
them  for  best  use  in  their  home  institutions.  We  ore  also 
hoping  to  publish  these  materials  for  those  who  cannot 
attend  any  of  the  Train  the  Trainer  sessions  planned  for 
the  1992-1993  academic  year.  We  are  considering  TFT- 
Link:  an  on-line  listserve  that  would  help  us  share 
materials  and  methods  with  Train  the  Tramer  partici- 
pants. 

Teaching  faculty  to  use  technology  to  enhance  their 
instructional  activities  is  labor  intensive.  In  the  current 
economic  climate,  institutions  in  higher  education  must 
work  together  to  leverage  these  training  efforts  most 
effectively.  We  continue  to  woric  with  the  EDUCOM 
consortium  to  seek  ways  of  sharing  the  materials  and 
experience  we  have  to  offer,  and  welcome  readers  to 
suggest  other  forums  for  dissemination. 

References 

Smallen,  D.  (1992).  Planning  for  information  technology 

resources:  The  issues.  In  Martin  D.  Ringle,  (Ed.),  Computing 
Strategies  in  Liberal  Arts  Colleges  (pp.  3-28).  Addision 
Wesley. 

A  modified  version  of  this  paper  appeared  in  the 
EDUCOM  '92  Proceedings. 

Carrie  Regenstein  is  the  Assistant  Director  for  the 
Instructional  Support  Services  with  Cornell  Information 
Technologies. 

Cornell  University,  220  CCC  Garden  Ave.,  Ithaca,  New 
York,  14853-2601 

Email:  cer@comellc,cit,comelLedu 


Helping  faculty  integrate  information  technologies  in  the  curriculum  307 

ERiC  ^-^^ 


A  Staff  development 
project:  The  Model 
Schools  Program 

Roosevelt  Wardlaw 
University  at  Buffalo 


George  G.  Bear,  Director  of  Pupil  Personnel 
Services,  Bath  County  Public  Schools,  Warm 
Springs,  Virginia  wrote  nearly  nine  years  ago  in 
Educational  Technology  that  as  far  as  the  implementation 
of  computer  based  instrucUon  (CBI)  is  concerned: 

"Inservice  and  ongoing  supervision  is  critical  in  order 
to  overcome  the  two  most  common  problems  identi- 
fied by  teachers  as  limiting  their  expectaticms  and 
sense  of  efficacy:  (1)  the  lack  of  adequate  training  and 
(2)  misunderstanding  about  the  capabilities  of  comput- 
ers,.. Placing  a  microcomputer  into  the  classrooms  of 
teachers  without  inservice  training  was  ineffective, 
even  though  consultative  assistance  was  available. 
The  teachers  without  inservice  training  either  never 
asked  for  assistance  or  became  totally  dependent  upon 
it.  In  both  cases,  these  teachers  did  not  demonstrate  the 
commitment  shown  by  trained  teachers"  (1984,  p.  15). 

It  seems  that  the  problem  of  effective  implementation 
of  computer  based  instrucUon  (CBI)  into  the  curriculum  is 
a  current  and  ongoing  situation  that  stiU  demands  solu- 
tions today. 

Many  persons,  whether  faculty,  administrators,  or 
students,  resist  change.  Teachers  must  be  encouraged  to 
make  changes  that  will  improve  their  classroom  perfor- 
mance and  their  institutions.  It  is  critical  in  attempts  to 
improve  schooling  to  involve  the  teachers  in  large-scale 
innovations  such  as  the  use  of  computers.  The  research 
seems  conclusive  that  participation  in  the  content  and 
development  of  inservice  programs  by  teachers  is  vital. 

Background 

In  1984,  recognizing  that  school  improvement 
supported  by  technology  will  positively  impact  education, 
the  New  York  State  Board  of  Regents  inu-oduced  it's 
Action  Plan  to  Improve  Elementary  and  Secondary 
Education  Results  in  New  York.  To  complement  the 
Regent's  plan,  the  State  Education  Department,  District 
Superintendents  and  Superintendents  of  Schools  co(^ra- 
tively  developed  a  Statement  of  Strategic  Direction  for 
Computer  Technology,  also  in  1984.  These  documents 
provided  direction  over  the  next  five  years  for  efforts 
which  resulted  in  the  Long  Range  Plan  for  Technology  in 
Elementary  and  Secondary  Education  in  New  York  State 
(19901 

The  purpose  of  the  Long  Range  Plan  is  to  provide 
direction  for  local,  regional  and  state-level  planning  in 
order  to  apply  technology  more  effectively  to  enhance  the 
teaching/learning  environment  and  improve  school 
management.  The  four  recommendations  the  Lon^  Range 
Plan  proposed  for  the  Regents'  approval  to  achieve  these 
purposes  include: 
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Recommendation  1 

The  Regents  support  the  complete  integration  of 
technology  into  the  teaching/learning  environment  of 
schools  and  the  establishment  of  teacher  and  student 
access  to  telecommunications  capabilities  of  the  State- 
wide TNT  network  and  other  network  services. 

Recommendotion  2 

Tbe  Regents  approve  the  development  of  technology 
systems,  including  the  completion  of  the  development  of 
the  State-wide  TNT  System,  the  student  and  financial 
database  management  applications,  and  connection  of  all 
school  buildings  throughout  the  State  for  communica- 
tions, r^haring  and  repatkig  purposes. 

Recommendotion  3 

The  Regents  ^prove  the  development  and  implemen- 
tation of  planning  procedures  and  support  activities  for 
complete  technology  integration  at  the  local,  regional  and 
State  education  levels. 

Recommendation  4 

The  Regents  direct  the  State  Education  Department  to 
develop  policies  and  procedures  for  Statewide  monitoring 
and  evaluation  of  the  implementaticMi  of  the  Long  Range 
Plan  and  the  tracking  of  technology-based  efforts  and 
expenditures  in  order  to  document  their  effectiveness. 

IhQ  Long  Range  Plan  Development  Process 

The  Long  Range  Plan  for  Technology  in  Elementary 
and  Secondary  Education  in  New  York  State  was 
collaboratively  developed  by  teachers,  students,  superin- 
tendents of  schools,  district  superintendents.  State 
Education  Department  staff.  State  educational  organiza- 
tions and  industry  representatives.  "As  an  initial  step  in 
that  process,  a  'Vision  of  the  Future*  paper  outlining 
future  technology  applications  for  the  educational  system 
in  1995  was  prepared  and  distributed  to  the  field  for 
extensive  evaluation  during  June  -  August,  1989. 

By  the  end  of  August,  1989,  a  total  of  494  evaluations 
were  received.  The  respondents  reacted  favorably  to  the 
overall  direction  for  future  applications  presented  in  the 
'Vision  of  the  Future*  paper.  On  a  scale  of  one  (strongly 
disagree)  to  ten  (strongly  agree),  the  average  rating  for  the 
'Vision  of  the  Future*  paper  as  a  whole  was  7.39**.  (p.  4) 

Incorporating  evaluators*  recommendations,  the  draft 
Long  Range  Plan  was  developed  in  September,  1989  and 
distributed  for  evaluation  in  (Dctober.  1989  to  school 
administrators,  teachers,  students,  PTAs,  State  Education 
Department  staff,  New  York  State  professional  organiza- 
tions, library  systems,  and  strategic  planners  in  industry. 

A  total  of  784  evaluations  were  received  as  of  early 
December,  1989.  The  respondents  indicated  positive 
agreement  with  each  of  the  four  major  recommendations 


in  the  Long  Range  Plan,  The  final  draft  was  reviewed  and 
approved  by  the  Department  Executive  Staff,  the  Com- 
missioner and  the  Elementary,  Middle  and  Secondary 
Committee  of  the  Regents  during  the  period  of  December, 
1989  to  March,  1990.  The  Regenu  Board  gave  its 
approval  in  June,  1990. 

Outline  of  the  Long  Rangm  Plan 

The  Long  Range  Plan  provides  for  planning  and 
implementation  of  the  appropriate  technology  within  ail 
levels  of  New  York's  educational  system.  It  addresses  the 
following  technology  applications  in  a  comprehensive 
manner 

Instructional  Applications  of  technology  to  directly 
support  the  teaching/learning  environment,  such  as 
using  word  processing  and  databases  across  all 
subjects. 

Instructional  Support  Applications  of  technology  to 
enhance  the  interaction  between  students  and  re- 
sources such  as  libraries  and  guidance  services. 
Management  Applications  of  technology  to  manage 
human  and  material  resources  of  the  school,  including 
instructional,  personnel  and  financial  applications. 

Instructional  AppliCQttons 

Several  programs  were  developed  and  implemented  to 
integrate  technology  applications  within  the  teaching/ 
learning  process.  77m?  TNT/Distance  Learning  Grant 
Program  was  offered  to  explore  the  impact  of  distance 
technology  upon  education  and  its  relationship  to  the  TNT 
system.  K'12  Curriculum  on  the  Use  of  Computers  in 
Schooling  is  designed  to  address  the  need  to  integrate 
technology  within  the  curriculum  and  write  perspectives 
on  the  appropriate  use  of  computers  for  each  curriculum 
area  Model  Schools  Technology  Planning  and  Implemen- 
tation Process  is  a  Board  of  Cooperative  Educational 
Services  (BOCES)  shared  service  which  helps  school 
districts  develop  a  comprehensive  plan  for  instruction  and 
instTiictional  support  applications  of  technology. 

The  Model  Schools  Program 

Model  Schools  is  a  comprehensive  staff  development 
program  for  training  teachers  how  to  integrate  technology 
effectively  throughout  the  entire  curriculum.  It  is  the  tool 
with  which  schools  can  provide  teachers  with  an  environ- 
ment for  exploring  the  use  of  technology.  This  program  is 
an  inier-aciive  proactive  collaboration  of  teachers  and 
administrators  to  ensure  that  technology  planning 
decisions  will  be  made  by  informed  personnel,  that  is,  the 
facilitators  and  experts  of  instruction. 

The  Model  Schools  Program  emphasizes  that  teachers 
are  the  critical  ingredient  in  determining  the  most 
effective  use  of  technology  in  the  classroom.  They  will 
find  ways  to  truly  enhance  their  instruction,  encourage 
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higher  levels  of  thinking,  and  prepare  students  for  today' s 
age  of  technology.  An  important  component  of  the 
program  is,  therefore,  encouraging  and  training  te&cbers 
to  the  point  that  they  feel  totally  comfortable  with 
computer  technology  and  tte  application  to  curricalum 
development. 

In  January,  1991,  the  Educational  Opportunity  Center 
(JBQC)  on  the  downtown  campus  of  the  University  at 
Buffalo,  State  University  of  New  York,  formed  the 
Computer  Research  and  Development  Conunittee  for  the 
purpose  of  researching  and  developing  various  computer 
initiatives  to  increase  the  effectiveness  of  the  EOC's 
faculty  and  staff.  It  was  given  the  charge  to:  (1)  Develop 
long  and  short  range  computer  related  goals;  (2)  recom- 
mend hardware  and  software  ^plications  that  can  be  used 
by  faculty  and  staff;  and  (3)  reconamend  and  develop 
computer  related  inservice  training  modules. 

During  thv  Spring  of  1991,  a  grant  was  submitted  to 
the  New  York  State  Education  Department  and  approved 
for  the  development  of  a  computer  lab  consistmg  of 
twenty  (20)  IBM  or  compatible  computers.  The  laboratory 
was  initially  used  to  conduct  computer  literacy  courses  for 
students,  faculty  and  the  university  conununity.  In 
January  1992,  a  grant  for  staff  development  was  submit- 
ted and  ^proved  for  funding  under  ^he  Carl  D.  Perkins 
Vocational  and  Applied  Technology  Education  Act 


Strategic  Planning 
*       *  * 
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(VATEA).  Included  in  the  grant  was  funding  for  release 
time,  stipends  for  faculty  and  money  to  purchase  neces- 
sary computer  equipment,  software,  and  materials. 

The  Long  Range  Plan  includes  the  Technology 
Planning  for  Improving  Schools  (TPIS)  process,  that  was 
adopted  by  the  committee.  TPIS  employs  three  planning 
levels  (Figure  1): 

-  Strategic  planning  establishes  the  overall  direction  for 
school  and 

program  improvement. 

.   Program  planning  U-anslates  the  broad  direction  into 
plans  focused  on  priorities  for  development  and 
improv^ent. 

-  Curriculum  planning  specifies  how  technology 
^plications  are  integrated  into  the  curriculum  and 
teaching  and  leammg  process. 

The  Model  Schools  Program  and  the  TPIS  process 
consists  of  seven  major  tasks  (Figure  2)  and  are  used  by 
BOCES  to  provide  substantial  technology  training 
services  for  teachers  and  administrators  in  their  compo- 
nent school  districts.  The  VATEA  ^jrant  provided  funding 
for  an  eight-member  team  of  interaisciplinary  faculty  who 
began  staff  development  inservice  training  in  the  summer 
of  1992. 


Program  Planning 
*      ♦  * 

Objectives 
Action  Steps 
Management 


Curriculum  Planning 

>fc         Jte  % 

Instructional  Applications 
Technology  Support 
Implementation  Plans 


Figure  1 .  Planning  levels. 
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Figure  2.  TheTPIS  planning  process 


Model  Schools  consists  of  five  major  components; 

Planning.  School  technology  teams  are  taught  to 
create  a  comprehensive  instructional  plan  that  includes 
developing  programs  from  existing  resources  as  well 
as  planning  for  subsequent  growth. 
Staff  Development,  A  minimum  of  15  hours  of  training 
is  provided  to  each  teacher,  including  the  production 
of  classroom  lessons  which  incorporate  instructional 
applications  of  technology. 
Technology  Applications,  Teachers  are  trained  to 
integrate  tool  software  packages  within  instruction  and 
to  produce  curriculum-based  lessons  incorporating 
instructional  objectives  and  technology  applications. 
Network  Ties'  (TNT)  coiiununicaUons  and  resource 


services,  including  their  participation  in  more  than  40 
Model  Schools  curriculum  computer  conferences, 
5.  Program  Evaluation  and  Demonstration,  Teachers  are 
taught  to  develop  and  conduct  a  school  technology 
evaluation  process  for  establishing  the  effectiveness  of 
their  program  for  monitoring  its  future  growth. 
Teacher  demonstrations  are  shared  for  statewide 
replication. 

The  Model  Schools  Program  has  already  proven  to  be 
a  valuable  asset  to  the  campus  and  has  given  the  EOC's 
staff  added  insight  into  the  way  technology  should  be 
integrated  into  our  teaching  environment.  The  three  key 
words  and  involved  in  effecting  this  integration  are: 
Incentive,  Support  and  Responsibility. 
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Faculty  must  be  given  incenUve  (financial  compensa- 
Uon)  to  become  involved  in  the  time  consuming  effort  to 
achieve  a  competent  level  of  computer  expertise  and  then 
apply  this  knowledge  to  their  disciplines. 

Support  must  be  made  available  to  enable  the  profes- 
sional educator  to  learn  to  use  the  computer  and  to  thrive 
in  this  new  environment.  This  support  could  be  in  the 
form  of  workshops,  lectures,  travel  to  conferences,  and  by 
having  a  competent  mentor  available  to  assist.  In  order  to 
learn  it  is  absolutely  necessary  that  private  and  convenient 
access  to  computers  be  supplied. 

When  the  incenUve  and  support  are  given,  it  is 

believed  that  the  recipient  will  demonstrate  responsibilty 
for  the  use  of  the  computer  in  the  classroom. 

Model  Schools  is  making  an  impact  on  the  instruc- 
tional computing  environment  of  our  school  and  we  look 
forward  to  its  continuation  and  expansion.  The  adminis- 
tration has  been  extremely  supportive  and  the  faculty  has 
responded  by  putting  a  great  amount  of  time  and  effort 
into  implementing  the  program.  It  has  been  pleasant 
learning  together  and  we  hope  to  include  many  other 
colleagues  in  this  effort  in  the  near  future.  The  Model 
Schools  Team  is  now  **Computer  Literate"  and  will 
become  **Computer  Fluent"  as  the  program  expands. 
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Introduction 

This  paper  is  about  quality.  It  is  about  quality  in  our 
educational  system.  It  is  about  how  if  educators 
concentrate  on  quality  they  can  completely 
restructure  the  way  that  administrators  lead,  teachers 
teach  and  students  learn.  W.  Edwards  Deming's  total 
quality  management  philosophy  presents  a  working 
solution  to  the  problems  in  teadier  education  and  beyond. 
With  the  combination  of  this  philosophy  and  technology, 
Quality  Schools,  we  use  the  term  Q-Schools,  are  now 
possible.  This  paper  presents  a  brief  history  of  Deming's 
life,  his  influence  on  Japan's  postwar  economic  miracle 
and  his  philosophy.  We  then  discuss  some  of  his  ideas 
about  managing  people  and  programs  and  how  these  ideas 
might  be  used  in  education. 

PorspiH:tiv« 

The  word  quality  is  overused  by  many  of  today's 
educators.  We  hear  educators  echo  frequently  the  empty 
platitude  that  their  school's  mission  is  quality  education. 
Likewise,  the  quality  of  teaching  is  often  extolled  as  some 
ethereal  measurement  of  a  school's  excellence.  The 
quality  of  learning  is  absolutely  and  falsely  measured  by 
standardized  test  scores,  and  teaching  quality  is  deter- 
mined by  state  administered,  multiple  choice  examina- 
tions. These  platitudes  are  all  too  frequently  used  to 
describe  today's  failed  schools. 

Educators  use  quality  with  little  understanding  of  its 
true  meaning.  Most  of  us  fail  to  recognize  that  quality  is  a 
process  and  that  the  pursuit  of  quality  is  never  ending. 
Quality  comes  from  a  profound  knowledge  of  the  system 
one  is  working  in.  It  comes  from  administrators  who 
understand  that  teacher  education  is  not  just  a  set  of 
courses  offered  to  meet  certain  pre  specified  and  usually 
outdated  criteria  set  forth  by  state,  regional  or  national 
acaediting  agencies.  Quality  comes  from  a  need  to  serve 
and  satisfy  a  customer's  needs.  Quality  starts  with  the  top 
levels  of  maii'^gement,  and  permeates  down  to  every  level 
of  an  organization.  It  comes  from  teachers  who  under- 
stand that  learning  is  an  individual  event  specific  to  each 
learner.  It  comes  from  a  knowledge  and  practice  of  the 
statistical  control  of  variables  that  work  in  and  on  the 
system. 

Quality  and  G.  Edwards  Doming 

Our  understanding  of  quality  as  a  workable  process  in 
an  organization  is  based  upon  the  woik  of  a  remarkable 
man  G.  Edwards  Deming.  Dr.  Deming,  until  recently,  was 
little  known  in  the  United  States.  But  he  is  revered  by  the 
people  of  a  small  island  nation  called  Japan  who  have 
wrought  an  economic  miracle  unrivaled  in  the  history  of 
the  world.  Japan's  economic  miracle  is  due  to  many 
causes.  Yet.  if  one  were  asked  to  identify  the  one  most 
prominent  cause  it  would  be  G.  Edwards  Deming  and  his 
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ideas  of  quality. 

G.  Edwards  Deming  was  bom  on  October  14, 1900  in 
the  cold  winter  of  Wyoming.  He  grew  up  knowing  the 
importance  of  hard  work,  the  value  of  a  dollar  and  the 
importance  of  knowledge.  He  gtaduated  from  Yale  in 
1928  with  a  Doctor  of  Philosophy  degree  in  Mathematical 
Physics.  Working  on  various  jobs  after  graduation  he  was 
influenced  by  Walter  A.  Shewhart,  the  father  of  statistical 
control  theory. 

As  early  as  1939  Deming  recognized  early  the  value 
of  statistics  in  decision  making.  He  put  these  ideas  to 
work  when  he  accepted  a  job  with  the  United  States 
Bureau  of  Census  as  a  head  mathematician  in  statistics. 
His  work  on  sampling  techniques  revolutionized  the  way 
the  American  Census  was  laken.  Until  Deming*s  time,  the 
Bureau  tried  to  gather  census  data  by  querying  every 
citizen.  Not  only  was  this  expensive,  but  it  was  also 
inefficient  and  frequently  inaccurate.  Deming  used 
sampling  methods  that  forever  changed  the  way  the 
Census  Bureau  does  business.  To  this  day,  the  Census 
Bureau  is  probably  the  most  efficient  branch  of  govern- 
ment in  cost  of  operation  and  quality  of  product. 

During  World  War  II,  Deming  was  called  to  work  on 
tlie  efficient  iM-oduction  of  war  material.  His  work  along 
with  the  work  of  others  who  believed  in  the  validity  of 
quality  conU-ol  methods  provided  this  country  with  one  of 
its  mightiest  wet^ns— the  ability  to  design  and  build 
quality  machines  of  war  in  record  time.  During  World 
War  II  American  manufacturers  were  able  to  design  and 
bring  to  the  battlefield  high  quality  tanks,  jeeps  and  even 
aircraft  in  less  than  six  months,  and  in  some  cases  in  less 
than  90  days.  Today,  it  takes  American  auto  manufactur- 
ers three  to  four  years  to  design,  build  and  bring  to  market 
an  autcmobile — a  device  that  has  not  changed  conceptu- 
ally from  the  day  of  Henry  Ford.  Obviously  we  have  gone 
backwards.  How  did  this  happen? 

At  the  end  of  World  War  II,  Dr.  Deming^s  ideas  were 
rejected  by  American  industry  and  government.  Dcming*s 
and  Shewhart*  s  ideas  of  quality  and  quality  control  were 
replaced  by  a  fiscal  based,  bottom-line  method  of  man- 
agement that  placed  short-term  profit  ahead  of  quality. 
The  rules  of  design,  production  and  maiketing  were  all 
derived  from  a  fiscal  viewpoint.  Cost  and  selling  price 
were  all  that  mattered.  As  a  result,  quality  took  second 
place  to  market  share  and  profits.  In  a  country  and  world 
starved  for  goods,  where  just  about  anything  would  sell, 
quality  seemed  unimportant.  Management  became  more 
interested  in  countmg  beans  than  managing  production 
and  services. 

That  thinking,  based  upon  Keynesian  economic 
philosophy  and  its  penchant  for  competition,  burst  forth 
from  the  nOTtlieastem  establishment  business  schools  such 
as  Harvard  and  Yale.  Their  MBA  degrees  became  the 
most  sought  after  degrees  in  the  business  world.  Other 


busmess  schools  followed  quickly.  They  grew  at  record 
rates  pumping  out  thousands  of  graduates  headed  for 
middle  and  uM>er  management  jobs  in  industry  and 
government.  These  were  managers  schooled  in  the  i.ew 
fiscal  based  ideas  of  production  and  service  who,  without 
malice,  fervently  believed  that  quality  could  be  controlled 
from  a  fiscal  perspective.  The  bottom-line  was  king  and 
the  product  or  service  itself  was  of  no  consequence.  What 
did  matter  was  short  tenn  cost  and  profit  with  the  assump- 
tion that  quality  would  follow. 

This  quest  for  short  term  profits  led  to  short  term 
tliinking.  It  inexorably  led  this  nation  to  the  production  of 
shoddy  goods,  shoddy  service  and  shoddy  government. 
The  decline  of  the  American  auto  industry,  the  corruption 
in  government  and  the  academic  bankruptcy  of  our 
schoolmg  system  are  the  result  of  fifty  years  of  this  failed 
fiscal  policy.  Where  Df .  Deming*s  ideas  lead  to  quality 
improvement  and  long  term  benefits,  the  MBA  manage- 
ment ideas  lead  to  money  acquisition,  quality  decline  and 
long  term  failure.  This  did  not  happen  iu  Japan,  however. 
Japanese  businessmen  and  government  officials  listened 
to  Demmg,  adopted  his  philosophy  and  wrought  the 
economic  miracle  we  see  today. 

Dr.  Deming  began  his  work  with  Japan  in  1947  when 
he  visited  the  worn  torn  nation  at  the  bequest  of  the  War 
Department  and  General  MacArthur*s  occupation 
government.  He  spoke  to  Japanese  business  leaders  and 
oudined  his  ideas  about  quality.  The  Japanese  accepted 
what  Dr.  Deming  had  to  offer  and  thus  began  their  quest 
for  quality  mid  economic  productivity.  Dr.  Deming  kept 
returning  to  Japan  to  train  and  advise  all  levels  of  workers 
about  quality.  He  was  there  in  1950, 1951,  1952, 1955 
and  1956  and  has  returned  regularly  ever  since.  By  1950, 
his  influence  on  Japanese  business  and  indusuy  was  so 
important  that  the  Japanese  established  what  has  become 
the  most  prestigious  business  award  in  the  world,  the 
Deming  Prize.  It  is  such  an  honor  to  receive  the  Demmg 
Prize  that  companies  prepare  for  years  to  compete.  As  of 
this  writing,  seventy  Japanese  companies  have  success- 
fully competed  for  the  prize  since  it  was  instituted.  Only 
one  American  company  has  successfully  competed  for  the 
prize.  That  company  is  a  public  utility,  Florida  Power  & 
Light,  which  received  the  prize  in  1989. 

Denrung's  Philosophy 

Deming  believes  that  organizations  should  exist  to 
produce  products  and  services  that  mjike  it  possible  for 
people  to  live  better.  Since  this  is  the  principle  reason  for 
organizations  to  exist,  he  stresses  the  importance  of  an 
institution  understanding  who  its  customers  are  and  how 
to  provide  them  with  quality  products  and  services. 
Following  is  a  brief  discussion  of  the  major  points, 
explicit  and  implicit,  in  Deming^s  management  philoso- 
phy. We  believe  that  if  teacher  educators  were  to  embrace 
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Deming's  concepts,  colleges  of  teacher  education  could 
become  leaders  in  the  revitalizalion  of  American  educa- 
tion. 

Our  Customer 

As  educators  we  should  view  the  learner  as  our 
customer.  Without  exception,  it  is  up  to  us  to  provide  the 
learner  with  the  highest  quality  education  possible.  If  we 
arc  preparing  teachers  for  America's  schools,  then  we 
cannot  afford  to  do  otherwise.  Anything  less  is  fundamen- 
tally wrong.  Wc  also  have  other  customers.  Society  as  a 
whole  is  our  customer.  Governmental  and  business 
entities  are  also  our  customers  in  that  they  hire  our 
graduates.  However,  to  effect  any  positive  change  in  our 
educational  system  by  preparing  belter  teachers,  we  must 
concentrate  upon  the  learner  as  our  primary  customer.  If 
we  do  that  well,  the  other  customers  will  also  be  served. 

Adopting  the  New  Philosophy 

According  to  Deming  (1982)  adopting  a  new  philoso- 
phy "...  really  means  in  my  mind  a  transformation  of 
management.  Structures  have  been  put  in  place  in 
management  that  will  have  to  be  dismantled.  They  have 
not  been  suitable  for  two  decades.  They  never  were  right 

To  be  successful,  any  new  philosophy  of  managennent 
must  be  adopted  in  total  by  all  levels  within  the  college. 
Change  must  be  seen  as  benefiting  all,  not  just  the  few.  In 
professional  education,  Deans  must  view  themselves  as 
members  of  the  faculty.  The  Dean,  faculty  and  staff  must 
all  be  committed  to  making  the  college  work.  They  all 
must  share  a  common  vision  of  the  future.  When  all 
members  share  in  that  vision  and  have  a  stake  in  the 
future,  change  will  be  successful.  But  if  that  vision  is  not 
shared  and  only  a  few  seem  to  reap  the  rewards  failure  is 
sure  to  follow. 

Institute  Leadership 

Deming  believes  that  strong  leadership  is  necessary 
for  insuring  quality.  He  stresses  that  leadership  is  the  job 
of  managf^ment.  Management  must  recognize  and  take 
action  to  remove  barriers  for  those  working  in  the  system. 
Management  must  lead  with  vision  and  compassion 
takmg  full  responsibility  for  those  in  tlie  system.  Unfortu- 
nately, most  managers  in  education  do  not  function  in  this 
manner.  Ttey  do  the  exact  q)posite  of  what  they  should 
do.  InsiearJ  of  helping  worken^  and  learners  achieve,  they, 
because  of  a  lack  of  unt'crst^iiding  of  proper  manage- 
ment, pose  impediments  to  the  design  and  operation  of  a 
quality  system.  Frequently  s'jpervisors  do  not  understand 
fully  what  those  in  the  system  must  do  to  accomplish  their 
jobs.  As  a  result,  the  system  experiences  chaos  and 
quality  is  the  victim.  Faculty  become  disenchanted. 
Learners  are  cheuted. 


Drive  out  Fear 

Uncertain  leadership  is  prevalent  in  today's  educa- 
tional community.  Fear,  due  to  uncertain  leadership,  is 
couunonplace  in  both  the  workplace  and  the  classroom. 
The  traditional  style  of  management  is  built  on  fear  and 
coercion.  If  education  is  to  change  its  stripes,  fear  must  be 
driven  out.  Deming  says  *Tear  takes  a  horrible  toll.  Fear 
is  all  aroimd,  robbing  people  of  their  pride,  hurting  them, 
robbing  them  of  a  chance  to  contribute  to  the  company.  It 
is  unbelievable  what  happens  when  you  unloose  fear" 
(Walton,  1986). 

Constancy  of  Purpose 

Deming  says  that  management  has  two  sets  of 
problems:  the  problems  of  today  and  those  of  tomorrow. 
Traditional  school  management,  based  upon  industrial  age 
philosophies,  concentrates  on  short  term  solutions  at  the 
expense  of  long  term  planning.  We  in  teacher  education 
cling  to  the  old  methods  of  teaching  while  espousing  what 
the  new  methods  should  be.  For  extmple,  we  talk  in 
group  lectures  about  individualized  instruction.  We  force 
new  technologies  into  industrial  age,  classroom  environ- 
ments, and  we  gccept  the  traditional  university  structure 
for  course  offerings.  We  must  be  activists  within  the 
university  community.  We  must  provide  leadership  to  the 
school  conununity  and  we  must  serve  our  customer,  the 
learner.  Teacher  education  must  have  an  operational  plan 
for  the  future.  That  plan  must  be  the  product  of  those  who 
work  in  the  system  and  that  plan  must  be  conUnuously 
consulted,  updated  and  revised. 

Constancy  of  purpose  means:  1)  employing  innovative 
technologies  within  a  proper  structure  to  meets  the  needs 
of  the  learner,  2)  constant  and  meaningful  research  that 
moves  teacher  education  forward,  3)  continuous  improve- 
ment of  our  academic  product,  4)  constant  attention  to  the 
needs  of  the  learner,  5)  purposeful  involvement  with  our 
constituent  schools,  6)  continuous  unprovement  in  the 
working  coiKlitions  and  salaries  of  faculty,  and  7)  a 
meaningful  covenant  between  administration  and  faculty 
pledged  to  a  cooperative  professional  relationship,  based 
upon  scholarship,  ethics,  truth,  fairness,  and  equitable 
treatment  of  both  faculty  and  learners. 

Continuous  Improvement 

Improvement  of  the  system  must  be  a  never  ending 
process.  All  who  work  in  the  system  must  adopt  and  be 
committed  to  that  philosophy.  If  not,  then  failure  the 
result.  Quality  is  not  somethmg  added  to  the  system  as  an 
afterthought,  but  a  fundamental  part  of  the  system  built  in 
from  the  start.  Thus,  our  product,  a  scholarly  curriculum 
based  upon  sound  research  and  delivered  with  the  latest 
technology  can  tuiJy  be  a  quality  product:  A  product  that 
provides  the  learner  with  the  best  education  poss  ble,  in 
an  efficient  manner  and  at  a  low  cost. 
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Teamwork,  collegiality,  faculty  governance  all  play  a 
part  in  a  Q-School.  The  learner  must  be  aware  that  he  or 
she  is  getting  the  highest  quality  product  available  at  that 
time.  Management  must  be  aware  that  the  system  can 
always  be  improved  and  be  willing  to  pay  for  the  re- 
sources needed  to  accomplish  that  improvement  Faculty 
must  be  aware  that  they  should  build  curriculums  and 
technologies  that  are  constantly  evolving  to  higher  and 
higher  levels  of  quality. 

Merit  Systems 

Dealing's  philosophy  of  management  is  diametrically 
opposed  to  the  industrial  age,  postwar  philosophy  that  has 
driven  America's  business  and  govermnent  organizations. 
As  noted  previously,  today's  management  structures  have 
been  driven  by  profit  and  numbers.  Quality  is  often 
spoken  of,  but  seldom  seen  as  the  driving  force  behind 
successful  q)erations.  To  the  detriment  of  teacher 
education,  other  management  philosophies  have  been 
accepted  wholesale  by  teacher  education. 

Widely  used  in  teacher  education  is  the  pq)ular 
management  philosophy  used  in  industry  called  manage- 
ment-by-objectives (MBO).  One  of  Uie  most  striking 
features  of  an  MBO  system  is  its  reliance  on  some  form 
of  a  merit  system.  Objectives  are  set  and  they  are  either 
met  or  not  met  Those  in  the  system  who  meet  the 
objectives  are  rewarded;  Those  who  do  not  are  not 
rewarded  (punished).  Reward  and  punishment  drive  the 
system. 

Merit  systems  encourage  the  cranking  up  of  objectives 
as  current  objectives  are  met.  The  Uiinking  goes  that  if 
workers  are  producing  100%  of  their  objectives,  then  with 
a  litUe  extra  effort,  say  10%,  more  objectives  can  be  met. 
This  system  is  so  appealing  that  all  levels  of  management 
use  it.  It  is  neat,  tilings  can  be  counted  and  people  can  be 
ranked.  But  it  is  wrong. 

Dealing  points  out  tiiat  "merit  [systems],  by  whatever 
name,  including  management  by  objectives,  are  the  single 
most  destructive  force  in  American  management  today" 
(Aguayo,  1990).  Deming  says  tiiat  all  workers  in  a  system 
work  as  hard  as  they  can,  and  unless  management 
improves  die  system  they  cannot  woric  any  harder.  Even  if 
the  workers  could  improve  by  10%,  Uiey  would  more  tiian 
likely  be  constrained  by  the  system.  The  rules  of  die 
system,  die  management  of  tiie  system,  die  resources 
allocated  to  the  system,  die  time  allowed  to  complete  a 
task  are  all  determined  by  forces  outside  die  control  of  die 
worker. 

Merit  systems  are  inherentiy  unfair  and  destroy 
quality.  Aguayo  (1990)  points  out  Uiat  under  a  merit 
system  "we  are  systematically  destroying  die  people  who 
work  in  die  system."  He  goes  on  to  say  that  "Our  reward 
system  destroys  any  possibility  of  teamwork  by  incor- 
recdy  distinguishing  the  above  average  from  die  below 


average  when  die  difference  is  due  to  chance."  Merit 
systems,  by  dieir  nature,  encourage  competition  and 
differentiation  among  workers.  Yet  diey  do  not  mcrease 
the  resources  or  time  needed  to  complete  the  job.  This  is  a 
frequent  complaint  and  one  diat  die  reader  might  find 
familiar. 

Altfciugh  we  would  like  to  diink  diat  teacher  educa- 
tion is  outside  tiiis  description,  it  is  not.  We  all  work  hard, 
we  all  are  highly  motivated,  we  all  subscribe  to  a  high 
level  of  scholarship  and  we  all,  more  dian  likely,  work  in 
a  system  managed  by  an  industrial  age  philosophy.  The 
10%  increment a  fallacy.  Merit  systems  must  be  viewed 
as  counterproductive  to  any  effort  to  improve  the  quality 
of  teach^  education. 

Statistics 

Statistical  control  is  an  important  element  in  die 
Deming  lAilosophy.  When  we  control  somediing,  we  are 
dealing  widi  variation.  Since  variation  occurs  in  bodi 
manmade  and  natural  systems,  all  systems  exhibit 
variation.  When  we  are  operating  a  system,  such  as  a 
school  system  or  college  of  education,  we  are  interested  in 
knowing  wheUier  die  variation  is  due  to  chance  or 
whedier  it  is  due  to  defects  in  die  system.  For  example,  if 
most  of  die  learners  in  a  course  are  not  doing  well  we 
might  be  interested  in  finding  out  why.  Our  first  impulse 
is  to  just  fail  die  learner,  diereby  blaming  die  customer.  If 
leamers  keep  failing,  we  sometimes  fire  die  professor, 
blaming  die  worker.  However,  if  we  are  seeking  blame 
we  should  look  within  die  system. 

We  must  determine  which  of  die  two  kinds  of  varia- 
tion, variation  due  to  chance  or  variation  due  to  die 
system  itself,  is  to  blame.  Deming  and  his  colleagues  have 
devised  certain  statistical  procedures  to  get  at  diis 
problem.  When  chance  is  die  cause  of  variation,  die 
variation  will  fall  between  certain  control  limits  estab- 
lished by  measures  like  die  standard  deviation.  In  diis 
case  die  system  is  said  to  be  in  statistical  control.  It  is 
stable.  When  die  variation  falls  outside  these  calculated 
control  limits,  the  variation  is  not  due  to  chance,  but  is 
atuibuted  to  special  circumstances.  This  kind  of  variation 
is  the  signal  diat  die  system  is  not  operating  correcdy  and 
diat  it  should  be  fixed.  That  is,  die  system  must  be 
fundamentally  changed.  According  to  Deming,  only 
management  can  do  that. 

Importance 

There  is  no  more  doubt  about  the  condition  of  our 
nation's  schools.  American  education  is  a  failing  system 
that  needs  a  radical  restructuring.  Nowhere  is  the  need  for 
restructuring  more  needed  dian  in  our  schools  and 
colleges  of  teacher  education. 

Widi  few  exceptions,  we  currendy  educate  our  future 
teachers  to  function  in  a  schooling  system  based  upon  a 
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19tJi  Century  industrial  model.  The  world  has  transfonned 
from  the  industrial  age  to  the  informaticni  age.  Our 
teachers  and  administrates  must  be  educated  to  function 
in  a  schooling  world  where  contemporary  ideas  in 
computing,  science,  mathematics,  literature,  language, 
communication  and  21st  Century  technologies  are  basic 
tools,  not  add-ons  to  an  outdated  curriculum.  They  must 
understand  that  the  learner  is  the  customer  and  not  the 
product.  Our  schools  must  be  viewed  as  integrated 
systems  where  information  and  knowledge  transcend  the 
traditional  compartmentalized  structures  of  today.  Quality 
must  be  seen  as  a  process  of  continual  improvement 
through  the  study  of  variation.  Deming  and  his  ideas 
about  quality  provide  us  with  both  a  philosophy  and  a  set 
of  tools  to  educate  teachers  to  not  only  function  in  an 
information  based  society,  but  also  to  be  part  of  the 
significant  changes  our  schooling  system  desperately 
needs.  Finally,  it  is  our  hope  that  this  paper  will  stimulate 
a  discussion  of  how  to  improve  teacher  educaticxi  using 
the  Deming  philosophy.  Q-Schools  should  be  the  norm, 
not  the  exception. 
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The  design  and 
assessment  of  an  insen^ice 
technology  planning 
program 

Barbara  K.  McKenzie 
West  Georgia  College 


Staying  abreast  of  the  latest  technological  develop 
ments,  knowing  how  to  use  and  ^ply  the  newer 
types  of  technology  in  the  classroom,  and  planning 
for  the  schoors  future  technology  needs  are  important 
issues  administrators  and  educators  are  facing  today. 
School  personnel  at  all  levels  are  having  difficulty 
keeping  up  with  the  latest  developments  and  effectively 
planning  their  future  needs.  In  an  effort  to  resolve  these 
concerns  one  innovative  county  school  system  in  Georgia 
formed  an  educational,  technology  oriented  partnership 
with  a  higher  educational  institution. 

The  first  step  in  this  cooperative  venture  was  the 
fonmulation  and  implementation  of  a  specially  designed 
technology  planning  course  for  educational  leaders  in  the 
school  system  who  were  instrumental  in  assessing  and 
planning  their  school's  present  and  future  technology 
needs.  This  was  followed  by  an  evaluation  of  the  course 
to  determine  its  overall  effectiveness  in  enhancing  course 
participants'  technology  planning  skills  and  general 
knowledge  of  the  newer  technologies  being  used  in  the 
schools  today. 

In  examining  the  design  and  effectiveness  of  the 
course  the  investigator  focused  on  four  specific  research 
questions:  (1)  Did  the  class  provide  participants  with  the 
knowledge  and  professional  skills  to  plan  and  conduct  a 
technology  needs  assessment?,  (2)  What  aspects  of  the 
class  were  the  most  valuable?,  (3)  What  aspects  of  the 
class  should  be  changed,  deleted,  or  added?,  and  (4)  What 
types  of  media/technology  would  participants  like  to  see 
more  readily  used  in  their  school? 

Method 

Subjects 

Twenty  two  educators  voluntarily  enrolled  in  MED 
690,  Planning  for  Technology  Integration,  offered  spring 
quarter  1992.  They  consisted  of  the  Superintendent,  the 
Instructional  Support  Services  administrative  staff,  and 
selected  principals,  media  specialists,  and  lead  teachers 
from  the  county's  eight  schools. 

Course  Development 

To  design  the  course  to  meet  the  county's  specific 
technology  needs,  several  planning  sessions  took  place 
with  the  course  instructor  and  the  county's  administrative 
staff.  Three  broad  areas  of  instructional  need  were 
identified:  familiarizing  school  personnel  with  the  new 
and  emerging  technologies  that  are  being  successfully 
integrated  into  the  school's  curriculum,  providing 
insuiiction  on  how  to  plan,  implement,  and  evaluate  a 
school-wide  technology  needs  assessment,  and  providing 
guidance  in  the  writmg  of  the  county' s  short  and  long 
term  technology  plans. 

Using  the  expressed  needs  as  a  framework,  the 
investigator  delivered  the  course  stressing  three  major 
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content  areas.  These  included  the  following:  (1)  an 
introduction  to  selected  new  and  emerging  types  of 
technologies  that  were  being  successfully  integrated  into  a 
number  of  schools  within  the  state  such  as  CD-ROM, 
videodisc  players,  computers,  multimedia,  and  videotape 
recorders;  (2)  an  overview  of  the  needs  assessment 
process,  its  procedures,  and  various  applications  in 
educational  settings,  and  (3)  an  introduction  to  the  change 
process  and  its  advantages  and  limitations  with  regard  to 
technology  integration  in  the  schools. 

A  variety  of  instructional  techniques  were  used  to 
deliver  the  course  content  Course  participants  were  given 
lecture  demonstrations  by  technology  experts  in  the  state 
on  a  number  of  innovative,  educational  technologies; 
taken  on  tours  to  selected  model  technology  sites  in 
Georgia  at  the  junior  high,  high  school,  and  college 
levels;  and  taken  to  a  state  technology  conference  where 
participants  were  allowed  to  attend  sessions  of  their 
choice.  In  addition,  course  participants  were  required  to 
conduct  a  school-wide  technology  survey  and  make  a 
report  to  the  class  sumniarizing  their  findings.  Such 
information  as  the  school's  goal  in  technology  planning, 
the  planning  activities  that  took  place  within  each  school 
during  the  needs  assessment  process,  how  the  survey  was 
implemented  and  analyzed,  and  each  school's  present  and 
future  technology  ,.eeds  were  presented.  One  week  before 
the  presentations  were  made  the  instructor  met  with 
representatives  from  each  school  to  critique  the  final 
reports. 

Course  Assessment 

At  the  end  of  the  ten  week  course  participants  com- 
pleted a  questionnaire  that  examined  both  the  effective- 
ness of  the  course  and  its  contents.  Open-ended  questions 
collected  information  on  the  nature  of  the  course  and 
closed-ended  questions  were  used  to  collect  demographic 
information  on  the  course  participants. 

Analysis 

A  content  analysis  was  conducted  on  theq)en-ended 
questions.  Frequencies  for  each  response  were  tabulated 
and  rank  ordered  from  the  highest  to  the  lowest  frequen- 
cies. To  check  on  content  reliability  two  reliability  checks 
were  carried  out:  a  reliability  check  to  determine  if  there 
was  evidence  for  each  statement  and  a  reliability  check  on 
the  two  raters  to  determine  if  there  was  interrater  agree- 
ment. Both  checks  supported  the  smdy's  findings. 

Frequency  counts  were  tabulated  for  each  closed- 
ended  question  and  then  converted  into  percentages  to 
provide  an  overview  of  the  background  of  course  partici- 
pants. 

Results 

All  of  the  twenty-two  participants  completed  tlx 


questionnaire.  Twenty-one  of  the  respondents  (95.5%) 
reported  the  course  was  effective  in  providing  them  with 
the  knowledge  and  professional  skills  to  plan  and  conduct 
a  technology  needs  assessment.  One  respondent,  however, 
bad  no  response  to  the  question. 

Tbe  four  aspects  of  the  course  that  were  identified  as 
the  most  valuable  were:  (1)  visiting  model  technology 
sites  in  the  state  and  getting  an  opportunity  to  observe 
some  of  the  newer  technologies  used  in  school  systems 
(91%),  (2)  receiving  information  on  some  of  the  newer 
technologies  being  used  for  instruction  (45.5%),  (3) 
plaiming  and  implementing  a  school-wide  needs  assess- 
ment for  the  following  year  (36.4%),  and  (4)  being 
introduced  to  the  needs  assessment  process  and  having  a 
framework  in  which  to  conduct  a  technology  needs 
assessment  (13.6%). 

Fourteen  suggestions,  ranging  from  one  to  three  in 
frequency  of  response,  were  made  by  the  course  partici- 
pants with  regard  to  aspects  of  the  course  that  should  be 
changed,  deleted,  or  added.  The  top  four  suggested  course 
modifications  were:  (1)  offer  the  course  at  another  time  of 
the  year,  not  spring  quarter  (13.6%),  (2)  delete  some  of 
the  less  technology  oriented  items  from  the  school 
technology  needs  assessment  such  as  textbooks  and  the 
chalkboard  (9. 1%),  (3)  add  a  school  visitation  to  an 
elementary  school  (9.1%),  and  (4)  provide  more  hands  on 
technology  learning  experiences  for  class  participants 
(9.1%). 

Nine  types  of  technology  were  identified  by  the 
respondents  as  those  they  would  like  to  see  added  to  their 
school's  technology  or  more  readily  used  in  the  schools. 
The  top  five  types  of  technology  were:  (1)  CD-ROM 
(68.2%);  (2)  computers  (50.0%);  (3)  videodisc  player 
(36.4%);  (4)  television  with  CNN  (31.9%);  and  (5) 
satellite  conununication,  multimedia,  and  videotape 
recorders  (13.6%). 

The  demographic  portion  of  the  survey  found  that  the 
majority  of  the  course  participants  were  administrators 
(68.2%),  at  the  early  childhood  school  level  (40.9%), 
between  the  ages  of  40  and  49  (59.1%),  had  either  11-15 
years  or  21  or  more  years  of  experience  in  education 
(31.8%),  had  a  speci^st  degree  (45.5%),  and  were  in  a 
rural  school  setting  (81.8%). 

Discussion 

This  sttidy  found  the  delivery  of  a  technology  plan- 
ning course  an  effective  means  of  providing  educational 
leaders  with  the  professional  skills  and  knowledge  to 
successfully  plan  for  their  present  and  future  technology 
needs.  Based  on  these  findings  the  investigator  strongly 
reconunends  that  more  schools  consider  fcxming  partner- 
ships with  higher  educational  institutions  to  keep  up  with 
the  latest  technological  develojMnents.  Secondly,  the 
investigator  suggests  that  technology  trainers  consider 
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using  tbe  study*s  instructional  content  and  activities  as  a 
fiamewock  in  designing  and  delivering  technology 
planning  courses  to  fvactitioners  in  tbe  field 

In  light  of  the  smaU  sanq)ling  of  participants  involved 
in  the  technology  class  and  resultant  study,  the  investiga- 
tor recommends  that  further  research  be  conducted,This 
could  involve  replicating  die  iM-esent  technology  class  and 
study  using  a  larger  [x^Hilation  or  designing,  implement- 
ing, and  assessing  a  technology  class  focused  on  another 
aspect  of  technology  such  as  the  training  needs  of 
teachers  in  the  schools.  Additional  research  would 
increase  tbe  reliability  of  these  exploratory  findings, 
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Bockground 

Research  on  educational  change  strongly  supports 
the  notion  that  innovations  will  not  be  imple 
mented  in  schools  merely  because  they  make 
sense  and  meet  specified  needs  (Fullan,  1991).  Fullan 
cites  a  "huge  negative  legacy  of  failed  reform"  (p.  354) 
and  states  that  a  complex  web  of  factors  must  be  present 
to  support  innovations.  Technology-based  innovations  in 
schools,  though  possessing  unprecedented  power  and 
potential,  have  thus  far  conformed  to  the  negative  legacy 
of  previous  reform  efforts.  Impediments  that  limit  the 
effectiveness  of  technology  use  in  schools  include 
inadequate  resources,  lack  of  teacher  preparation  and  staff 
development,  lack  of  planning  time,  and  inadequate  on- 
site  support  (Braun.  1990;  Sheingold  &  Hadley,1990; 
Strudler  &  Gall  1988;  U.S.  Congress,  1988). 

The  prospects  for  effective  use  of  educational  technol- 
ogy, however,  should  be  viewed  with  at  least  some 
optimism.  Broad  experimentation  over  the  past  decade 
has  resulted  in  the  application  of  many  innovative 
methods  and  progiiams  (U.S.  Congress,  1988).  Further- 
more, there  is  evidence  that  teachers  in  a  coordinating  role 
can  perfonn  a  variety  of  functions  that  help  schools 
overcome  many  of  the  existing  impediments  to  effective 
technology  use  (Bnider,  1990;  Strudler,  1991;  Strudler  & 
Gall,  1988).  With  the  increasing  number  of  teachers 
serving  such  roles,  however,  the  professional  develop- 
ment needs  of  teacher  leaders  is  greater  than  ever  (Fullan 
1990, 1991).  Studies  that  have  focused  on  computer 
coordinators  (Strudler,  1991;  Strudler  &  Gall,  1988)  and 
other  staff  develq)ers  (Miles,  Saxl,  &  Lieberman,  1988) 
support  this  notion  and  suggest  that  professional  develop- 
ment opportunities  be  made  available  for  teacher  leaders 
charged  with  facilitating  change. 

Action  Research  os  a  Professional  Practice 
Strategy 

One  strategy  for  enhancing  teacher  leadership  and  for 
helping  teachers  become  change  agents  in  schools  is 
action  research  which  focuses  on  site-based  problems  of 
immediate  concern  (Glesne,  1991;  Kenmiis  &  McTaggart, 
1982;  Noffke,  1992;  Noffke  &  Brennan,  1991;  Zeichner, 
1987).  It  also  is  geared  toward  finding  solutions  to 
practical  problems  (McKeman,  1988)  and  toward  linking 
theory  with  practice  (Hunt,  1987).  Therefore,  when  doing 
action  research,  teachers  usually  select  problems  for  study 
that  are  directly  related  to  their  practice,  thus  helping 
them  develop  an  informed  framework  for  making 
decisions,  and  develop  a  basis  for  making  effective 
changes  in  practice. 

Studies  suggest  that  action  research  helps  teachers 
sharpen  awareness  of  teaching  problems  and  improve 
problem  solving  skills  (Noffke,  1992;  Glesne,  1991; 
Zeichner,  1987).  While  findings  such  as  these  suppoit  the 
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promise  action  research  holds  for  fostering  the  profes- 
sional development  of  teachers  as  instnicaonal  leaders 
and  change  agents  for  technology  use  in  schools,  how  best 
to  employ  action  research  to  achieve  these  ends  is  unclear. 
Systematic  studies  are  therefore  needed  to  help  teacher 
educators  gain  insight  into  staff  development  activities 
that  buUd  such  skills. 

PurpoM  and  Resoorch  QuMtions 

The  primary  purpose  of  this  study  was  to  explore  how 
action  research  as  a  model  for  professional  development 
(Allen,  Combs,  Hendricks,  Nash,  &  Wilson,  1988; 
Noffke,  1992)  helped  one  cohcMt  of  teachers  gain  insight 
into  the  process  of  school  change,  and  provided  them  with 
opportunities  to  facilitate  change  in  specific  school 
contexts.  Given  the  need  to  examine  strategies  that  foster 
the  professional  develq)ment  of  technology  coordinators 
(Strudler,  1991;  Strudler  &  Gall,  1988),  this  study  asked 
three  questions. 

1.  How  does  action  research  influence  teachers'  ability  to 
facilitate  technology-based  change  in  schools,  if  at  all? 

2.  How  does  action  research  influence  teachers'  aware- 
ness of  problems  related  to  technology  in  education? 

3.  What  personal  and  professional  meaning  (i.e.,  rewards, 
frustrations)  do  teachers  derive  from  participating  in 
action  research? 

Participants 

The  participants  in  this  study  were  a  ccAort  of  ten 
teachers  enrolled  in  a  computer  education  course  designed 
to  help  students  study  the  change  iM*ocess  in  schools.  All 
participants  were  experienced  teachers  and  some  were 
computer  coordinators.  All  teachers  had  experience 
working  with  computers,  although  some  teachers  had 
more  computer  expertise  than  others. 

Overview  of  the  Course 

The  computer  education  coui^e,  titled  "Computer- 
based  Technology  and  Educational  Change"  is  required 
for  all  students  seeking  a  masters  degree  in  educational 
cwnputing  and  technology  at  the  University  of  Nevada, 
Las  Vegas.  The  course  provides  an  overview  of  issues  and 
trends  pertaining  to  the  implementation  of  computer- 
based  innovations  in  schools.  Topics  for  the  course 
include  staff  development,  research-based  strategies  for 
technology  coordinators,  grant  writing,  and  long  range 
planning  for  effective  change. 

A  key  component  of  the  course  is  an  action  research 
project.  Using  the  five-phase  model  of  action  research 
model  described  below,  teachers  in  this  study  were  asked 
to  conduct  research  that  focused  on  the  change  process 
involved  with  implementing  technology  at  their  schools. 
The  model  was  based  on  the  action  research  process 


described  by  Kenunis  &  McTaggart  (1982)  and  on  the 
cognitive  development  model  suggested  by  Neisser 
(1976).  Hence,  the  study  was  grounded  in  a  conceptual 
framework  of  action  research  and  of  cognitive  psychol- 
ogy. 

The  first  phase  of  the  action  research  was  called 
description  and  speculation.  This  phase  was  intended  to 
help  teachers  pinpoint  a  problem  for  conducting  their 
action  research  project  To  begin  phase  one  teachers 
asked  themselves  open  ended  questions,  what  Spradley 
(1979)  calls  grand  tour  questions.  For  example,  they 
asked,  **What  is  happening  here?"  **What  problems  are 
most  salient  about  my  teaching  context?"  **What  might 
happen  if  something  is  changed  in  the  context?" 

After  teachers  developed  a  research  focus,  they  began 
the  second,  or  exploration  phase.  Questions  included, 
"How  will  I  find  out  more  about  the  problems  T  We 
identified?"  **What  process  will  I  use  to  explore  the 
problems?"  Phase  three,  or  the  discovery  phase,  occurred 
both  during  and  after  data  collection.  This  phase  helped 
teachers  to  reflect  on  their  research,  and  to  consider  its 
implications  for  practice.  Questions  for  this  phase  were, 
*What  have  I  learned  from  this  inquiry?''  "How  can  I 
share  with  others  what  I  have  learned  from  this  inquiry?" 

Tlie  fourth  phase  was  called  reflection  and  modifica- 
tion. To  begin  this  phase  teachers  asked,  **How  have  my 
perspectives/views  changed  because  of  my  action 
research  exploration?"  "What  are  the  implications  of  my 
fmdings  for  the  classroom  learning  environment?"  For  the 
fmal  phase,  teachers  returned  to  the  description  and 
speculation  component  of  the  action  research  model.  They 
questioned,  "Given  what  I've  found  in  this  research 
project,  what  do  we  need  to  know  more  aboutT'  "What 
additional  questions  can  I  now  ask  about  my  original 
problem?"  These  questions  helped  them  conclude  the 
current  research  while  serving  as  the  beginning  phase  for 
the  next  project. 

Participants  in  the  class  received  feedback  on  their 
projects  during  regularly  scheduled,  small  group  discus- 
sions. These  discussions  provided  teachers  with  an 
ongoing  forum  to  discuss  their  perceptions  and  fmdings, 
as  well  as  to  get  suggestions  and  support  from  their  peers. 

Dcrta  Collection 

Using  the  case  study  method  suggested  by  Yin  (1989), 
multiple  sources  of  data  were  collected  for  each  teacher. 
Data  sources  were  personal  journals  maintained  by  the 
teachers  throughout  their  action  research  projects,  our 
observations  of  small  group  discussions,  and  fonnal 
reports  of  the  action  research  projects.  Teachers  main- 
tained field  notes  of  their  research  in  personal  journals, 
recording  their  thoughts,  perceptions,  and  insights.  They 
were  encouraged  to  review  their  field  notes  regularly  and 
develop  theoretical  memos  (Strauss,  1987).  Developing 
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these  memos  required  deliberate,  reflective  thinking  about 
the  action  research  projects  and  about  the  relationship 
between  theory  (i.e.,  course  readings)  and  practice  (i.e., 
real  efforts  to  use  technology  in  schools).  As  a  data 
source,  the  personal  journals  were  reviewed  both  during 
and  after  the  course. 

Data  Analysis 

Using  thft  constant  comparative  method  (Strauss. 
1987),  data  analysis  began  as  data  were  first  collected  and 
continued  throughout  the  study.  Held  notes  were  exam- 
ined in  an  open  fashion,  searching  for  how  teachers 
interacted  with  their  action  research  projects,  and  for 
salient  themes  describing  how  action  research  influenced 
teachers  individually  and  collectively. 

Consistent  with  qualitative  data  reporting  (Strauss, 
1987),  the  results  below,  which  include  four  salient 
phenomelogical  themes  that  describe  how  action  research 
influenced  teachers*  professional  lives,  include  teachers* 
own  voices  and  our  holistic  impressions.  The  emerging 
themes  identified  were  problem  framing,  managing  and 
preparing  for  change,  recognizing  impediments  to  change, 
and  enhancmg  professional  knowledge.  While  data  from 
all  teachers  were  used  in  the  analysis,  the  themes  are 
discussed  below  through  a  cross-case  analysis  of  Jan  and 
Barbara,  thus  illuminating  differences  in  how  action 
research  influenced  two  teachers. 

Jan 

Jan  has  been  a  primary  teacher  for  15  years.  Her  initial 
involvement  with  computers  occurred  in  1986  when  her 
principal  asked  if  she  would  like  to  attend  a  district 
training  session  for  computer  resource  teachers.  At  that 
time  she  had  no  experience  with  computers  but  was  very 
willing  to  learn.  Subsequently,  Jan  began  using  computers 
in  her  own  teaching  and  began  conducting  inservice 
woikshops  for  other  teachers  in  the  district. 

In  August  1991,  Jan  moved  to  a  brand  new  school  that 
was  cOTrmiitted  to  implementing  multiple  innovations 
including  multi-age  groupings,  restructured  decision- 
making, and  integration  of  technology.  Her  action 
research  project  focused  on  her  faculty's  use  of  a  newly 
installed  networked  computer  lab  that  became  operational 
in  January  1992.  Specifically,  Jan  wanted  to  explore 
whether  the  staffs  confidence  and  use  of  the  computers 
would  inaease  if  her  time  and  expertise  were  made  more 
available  to  teachers  in  her  school? 

Barbara 

Barbara  has  been  an  elementary  music  specialist  for 
six  years.  First  introduced  to  computers  in  the  fail  of 
1990,  she  proceeded  to  learn  about  computer  ^plications 
in  schools  at  a  rapid  pace.  She  "didn't  really  notice  the 
lack  of  technology**  in  her  school  until  her  interest 


emerged,  after  which  she  attempted  to  share  her  "discov- 
eries** with  faculty  members  by  conducting  some 
inservices  after  school.  The  attendance,  in  her  view,  "was 
dismally  low**  and  she  felt  "quite  disillusioned**  with  her 
efforts. 

The  following  year,  in  the  spring  of  1992,  Barbara 
was  interested  in  further  exploring  the  use  of  computers 
with  her  faculty  as  part  of  her  action  research  project.  She 
focused  on  learning  more  about  the  attitudes  and  beliefs 
of  her  staff.  How  would  they  use  a  computer  if  they  had 
access  to  one?  How  would  teachers  feel  about  using  a 
computer  for  whole-class  instruction?  What  would  they 
think  of  having  a  school-based  computer  resource  person 
to  help  them  use  computers  with  students? 

Results 

Problem  Framing 

As  teacha*s  conducted  their  action  research  projects 
and  as  they  reflected  on  their  projects  in  personal  journals, 
they  demonstrated  an  ability  to  recognize  peiplexing 
situations;  that  is  to  identify  and  frame  problems.  We 
gave  the  name,  problem  Jraming,  to  this  phenomenon. 
Two  types  of  problem  framing  were  observed:  direct  and 
indirect.  Direct  problem  framing,  which  we  viewed  as  a 
primary  function  of  the  description  and  speculation  phase 
of  action  research,  occurred  as  teachers  identified  their 
initial  problems.  The  direct  problem  framing  demon- 
strated by  both  Jan  and  Barbara  was  linked  to  their 
perceptions  of  self  as  computer  specialists,  to  their  felt 
need  to  help  other  teachers,  and  to  conditions  in  the 
school  context.  For  example,  Jan  wrote  about  the  initial 
phase  of  the  model. 

One  of  the  questions  I  wanted  to  answer  was:  If  my 
time  and  expertise  were  more  available,  would  it 
increase  teacher  confidence  and  use  of  computers?  I 
wanted  to  provide  a  comfort  zone,  a  safety  net  for 
teachers  who  needed  it  and  to  be  of  best  assistance  in 
the  use  of  the  new  lab. 

Barbara's  initial  problem  framing  focused  on  helping 
teachers  gain  information  that  would  help  them  construct 
a  fuller  understanding  of  school  computing.  Barbara  noted 
in  her  action  research  report. 

In  locking  at  my  staff  th*s  year  I  wanted  to  find  a  new 
angle  to  reach  them.  A  new  way  of  looking  at  the 
COTiputer.  I  wanted  to  know  how  I  could  help  them  to 
see  the  computer  as  a  tool  for  classroom  use  rather 
than  a  toy  or  cheap  arcade  room. 

As  Jan  and  Barbara  began  their  action  research 
projects  with  these  initial  iH"oblems,  they  began  demon- 
stratmg  the  second  type  of  problem  framing  we  observed, 
called  indirect  problem  framing.  Witli  indirect  framing 
Jan  and  Barbara  refined  their  original  questions  and  they 
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began  developing  insights  for  framing  additional  prob- 
lems. Jan,  for  example,  noted  a  concern  in  her  personal 
journal  about  teachers*  use  of  the  computer  lab:  "I  have  a 
concern  that  some  teachers  are  going  into  the  lab  with 
students  before  they  have  spent  enough  time  familiarizing 
themselves  with  the  lab  and  the  programs."  Barbara 
voiced  a  simUar  concern  after  observing  a  fifth  grade 
class  in  the  computer  lab  and  talking  with  the  class' 
teacher. 

I  asked  the  teacher  if  she  carried  any  of  the  teaching 
suggestions  into  the  classroom.  She  said  that  she 
didn't  know  that  there  were  other  activities  but  she 
wouldn't  use  them  anyway.  There  is  absolutely  no 
connection  between  the  computer  lab  and  classroom 
learning. 

Concerns  like  these  developed  during  action  research 
gave  Jan  and  Barbara  a  schema  for  framing  secondary 
problems  about  computers  in  education,  and  provided 
additional  insight  into  the  dynamics  of  facilitating  change 
relative  to  computer  technology.  As  a  consequence  of  the 
action  research  project  and  as  a  function  of  direct  and 
indirect  problem  framing,  Jan  and  Barbara  recognized 
perplexing  situations  about  the  use  of  computers  in  their 
schools,  and  began  considering  action  plans  for  changing 
these  situations. 

Managing  and  Preparing  for  Change 

Managing  cmd  preparing  for  change  involved 
coordinating  activities  and  actions  that  enable  educators 
to  consider  ways  for  integrating  c(Mnputer  technology  into 
classroom  instruction.  In  a  sense,  managing  and  prepar- 
ing for  change  can  be  likened  to  preparing  a  field  for 
planting.  Much  needs  to  be  done  to  establish  "fertile  soil" 
that  will  support  growtii.  This  might  involve  developing 
seminars  and  workshq>s  for  faculty,  encouraging  teachers 
to  use  computers  in  Oieir  classrooms,  visiting  classrooms 
where  cOTiputers  are  being  used,  or  establishing  dialog 
among  tiie  faculty  concerning  Uie  use  of  technology. 
Managing  and  preparing  involves  tiie  preparatory 
thinking  and  related  actions  tiiat  may  lead  to  change. 

In  Jan's  case  we  observed  efforts  to  structure  teachers' 
initial  experience  witii  tiie  network  (i.e.,  get  tiiem  on-line 
and  familiar  witii  what  iH*ograms  are  available),  devise  a 
schedule  for  teachers  to  bring  students  into  the  lab,  and 
plan  inservice  workshops  for  further  staff  develc^ment. 
She  sent  a  memo  to  all  teachers  on  tht  steps  for  using  \ht 
computer  lab  with  students  and  surveyed  teachers' 
attitudes  about  tiie  lab.  Based  on  tiiis  survey,  Jan  learned 
which  teachers  were  not  comfortable  in  using  tiie  lab  and 
she  worked  closely  witii  them  and  tiieir  students. 

In  a  sense,  much  of  Jan's  work  in  managing  and 
preparing  involved  establishing  an  "informational 
infrastructure"  and  "getting  things  rolling".  Moreover,  her 


journal  shows  Oiought  and  action  in  preparation  for  future 
developments.  Jan  collaborated  with  her  principal  in 
planning  to  acquire  additional  computer  resources.  She 
wrote. 

We  are  looking  at  ways  to  get  money  for  computers 
and  other  technology  (modem,  laserdisc,  scanner,  CD- 
ROM).  Our  vision  would  put  computers  in  every 
classroom  and  netwoik  them  into  the  lab.  We  are  also 
hoping  to  participate  in  a  pilot  program  to  develop 
global  education  through  the  use  of  teleconununica- 
tions.  Our  goals  are  big  .. 

Barbara's  action  research  also  included  surveying  the 
faculty  about  tiieir  current  use  of  computers  as  well  as 
their  ideas  for  future  use.  Primarily,  Barbara's  preparatory 
work  focused  on  gatiiering  information  tiiat  could  lead  to 
increased  computer  use.  Toward  the  end  of  her  project, 
however,  Barbara  got  tiie  opportunity  to  demonstrate  a 
simulation  in  an  effort  to  expose  the  faculty  to  possibili- 
ties beyond  driU  and  practice  software  and  "plant  seeds" 
for  future  growtii.  She  wrote. 

What  a  wonderful  experience!  I  demonstrated  Tom 
Snyder's  Decisions,  Decisions  today  witii  room  51. 
The  teacher  stayed  for  30  minutes  longer  tiian  she  was 
going  to,  tiie  principal  came  in  to  see  Uie  demonsua- 
tion,  and  botii  of  tiiem  loved  it.  The  kids  loved  it!. ..I 
loved  it  [too]! 

Recognizing  Impediments  to  Change 

Recognizing  impediments  to  change  involved  a 
teacher's  instinct  to  "read"  tiie  constraining  forces  tiiat 
serve  as  impediments  and  to  subsequenUy  apply  tiiis 
knowledge  to  overcome  such  forces.  As  stated  previ- 
ously, institutional  obstacles  such  as  inadequate  resources, 
lack  of  staff  develoiwnent,  lack  of  planning  time,  and 
inadequate  on-site  support  have  been  well-documented. 
Furthermore,  research  suggests  tiiat  tiie  personal  dimen- 
sion of  tiiose  implementing  change  is  often  of  more 
critical  importance  to  tiie  success  or  failure  of  tiie  change 
effort  tiian  is  tiie  technological  dimension  (Hall  & 
Loucks,  1978). 

Jan's  action  research  pointed  to  one  overarching 
impediment:  tiie  linuted  time  and  energy  tiiat  teachers 
face  as  tiiey  work  in  a  new  school  committed  to  imple- 
menting innovative  teaching  metiiods.  She  observed. 
Many  teachers  had  expressed  an  eageniess  to  take 
their  students  into  tiie  lab,  but  didn't  seem  to  want  to 
put  in  tiie  exua  time  to  learn  tiie  system....In  reality, 
most  teachers,  who  were  already  somewhat  over- 
whehned  witii  tiie  challenges  of  tiie  multi-age  group- 
ings and  trying  to  work  out  how  tiiey  fit  into  tiiis  plan, 
had  littie  time  or  energy  to  learn  tiie  IBM  system. 

Barbara's  project  led  her  to  examine  some  far- 
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reaching  impediments  to  implementing  change  with 

technology.  She  explained: 

When  I  started  this  project  I  thought  that  I  could  make 
a  difference.  I  thought  that  change  could  happen  from 
the  ground  up.  I  thought  that  because  I  had  excitement 
I  could  spark  other  people.  Today  I  don't  think  this  is 
true.  In  order  for  teachers  to  be  willing  to  put  forth  any 
effort  into  technology,  they  must  see  that  there  is 
going  to  be  a  payoff. 

Barbara  showed  recognition  of  this  impediment  in  her 
discussion  of  how  she  planned  to  woik  with  a  resistant 
teacher  who  appeared  threatened  by  computers.  **I  think 
the  only  way  to  work  with  this  teacher,"  she  wrote,  **is  to 
work  with  her  kids  and  let  her  see  the  difference  in  their 
attitude.  Then,  maybe  she  might  change  her  mind.*' 

Enhancing  Professional  Knowledge 

Enhancing  professional  knowledge  occuned  for  both 
the  teacher  leaders  in  this  study  as  well  as  the  teachers 
that  they  worked  with.  In  meeting  the  needs  of  teachers  in 
the  local  context,  most  information  provided  by  Jan  and 
Barbara  was  on  a  technical,  "how-to"  level.  Jan,  for 
example,  who  helped  one  of  her  teacher  colleagues  learn 
how  to  log  in  and  log  out  of  the  network,  wrote,  "I  met 
with  Terry  before  school.  Terry  practiced  how  her 
students  would  log  in  and  then  the  steps  to  quit  properly. 
She  [Terry]  felt  more  confident  about  bringing  her  class 
in  that  morning." 

Barbara's  action  research  project,  which  consisted 
mostly  of  teacher  interviews  and  a  teacher  survey, 
revealed  that  she  enhanced  her  professional  knowledge  of 
how  teachers  view  technology.  From  this  knowledge 
Barbara  framed  additional  problem  situations  in  her 
school  and  highUghted  specific  areas  for  future  staff 
development.  At  the  end  of  her  action  research  Barbara 
was  able  to  pinpomt  four  elements  for  managing  change 
in  her  school's  computer  program: 

I  think  for  any  significant  change  to  occur  four  things 
must  happen.  1)  There  must  be  a  school- wide  vision. 
2)  There  must  be  a  teacher  that  is  able  to  have  release 
time  to  prepare  and  set  up  inservices,  lessons,  and 
equipment  to  share  his/her  expertise  with  the  staff.  3) 
Teachers  must  be  sold  on  the  idea  that  using  technol- 
ogy in  the  classroom  will  be  worth  the  effort  they  are 
going  to  put  into  learning  more  about  it.  4)  The 
administration  must  back  up  the  efforts  put  forth  by 
the  technology  person.  Teachers  go  with  the 
principal's  vision,  not  their  peer's  vision. 

Discussion  and  Implications 

Action  research,  as  a  professional  development 
activity  holds  potential  for  fostering  instructional  leader- 
ship qualities  among  classroom  teachers.  Teachers  in  this 


study  increased  their  ability  to  frame  problems  relative  to 
computers  in  education,  and  they  considered  site-based 
activities  that  encouraged  colleagues  to  use  computers  in 
their  instruction.  As  evidenced  by  Jan  arxl  Barbara, 
teachers  also  enhanced  their  professional  knowledge  of 
computer  education,  and  used  key  strategies  to  foster  the 
growth  of  knowledge  among  other  teachers.  Moreover,  by 
practicing  the  model  of  action  research  given  to  them, 
te^ichers  learned  research  skills,  thus  supporting  Glesne's 
(1991)  claims  that  learning  even  a  few  research  skills  can 
help  teachers  gain  insights  into  their  school  and  classroom 
contexts. 

In  addition,  action  research  helps  teachers  become 
aware  of  the  change  process  in  schools.  While  the 
literature  encountered  in  this  course  points  to  the  diffi- 
culty of  implementing  educational  innovations,  the  acdon 
research  led  teachers  to  experience  the  complexities  of  the 
change  process  first  hand  and  reflect  upon  it  in  a  very  real 
sense.  Despite  the  clear  message  that  schools  are  slow  to 
change,  Barbara  felt  that  her  enthusiasm  for  the  wonders 
of  educational  computing  would  somehow  "spark  other 
people".  Through  extensive  interviews  and  observations, 
she  internalized  the  depth  of  the  impediments  to  integrat- 
ing computers  in  the  curriculum,  and  she  concluded  that 
specified  conditions  must  be  present  for  computers  to  be 
effectively  implemented  at  her  school  site.  Through  Jan's 
survey,  inservice  woikshops,  and  work  with  individual 
teachers,  her  research  extended  her  knowledge  of  the 
change  process.  Furthermore,  throughout  her  journal,  Jan 
iiKluded  various  theoretical  memos  in  which  she  cited 
research  literature  that  supported  her  plans  to  foster 
change. 

In  conclusion,  action  research  holds  potential  for 
helping  teacher  leaders  develop  a  better  understanding  of 
the  problems  of  computer  implementation  and  the 
parameters  surrounding  educational  change.  It  provides 
them  a  real  reason  to  connect  theory  and  practice  and  a 
user  friendly  structure  within  which  to  frame  problems 
and  explore  solutions.  Teacher  educators  should,  there- 
fore, consider  action  research  as  a  viable  and  promising 
activity  for  enhancing  leadership  skills  for  teachers  who 
fill  the  role  of  technology  coordinator. 
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The  National  Science  Foundation  has  supported 
innovative  ideas  in  science  and  mathematics 
education  for  over  three  decades.  Although  the 
focus  of  that  support  has  evolved  over  time,  the  recent 
changes  of  the  Education  and  Human  Resources  Director- 
ale  portends  major  shifts  in  the  educational  mission  of  the 
Foundation.  Historically  an  mdependent  agency  which 
primarily  responds  to  field  initialed  proposals,  the  Human 
Resources  Directorate  has  been  recently  reorganized  to 
meet  even  greater  challenges  ahead.  EHR  is  now  better 
positioned  to  be  responsive  to  educational  research  and 
support  efforts  which  will  produce  systemic  change.  To 
achieve  its  mission,  it  is  no  longer  effective  for  EHR  to 
foster  projects  for  separate  and  inaemental  change.  The 
NSF  resources  need  to  be  directed  towards  projects  whose 
combined  success  will  help  forge  a  future  where  students 
and  teachers  within  the  educational  environment  interact 
in  ways  very  different  from  current  classrooms;  ways 
which  better  reflect  the  impact  of  technology  on  society 
and  on  the  working  environment.  As  recently  as  last 
November,  the  National  Science  Board  Commission  on 
the  Future  called  for  the  "integration  of  science  and 
technology  into  educational  curriculum  at  all  levels  and 
for  all  students."  (Massey) 

Technology  will  ceitainly  be  part  of  our  students* 
future;  the  way  we  teach  is  conditioned  by  the  tools  that 
students  have  to  solve  problems.  Both  imbedded  m 
education  and  as  a  topic  of  study  in  schools,  technology 
needs  to  be  supported  and  understood.  From  networks  to 
multi-media  labs,  from  visualization  software  to  powerful 
calculating  tools,  these  uses  of  technology  will  transform 
schools,  change  the  roles  of  teachers  and  students,  and 
compel  institutions  to  close  the  gap  between  how  children 
are  educated  and  how  they  will  work. 

A  Brief  Histor/ 

In  1984,  pre-coUege  education  support  was  resunected 
and  reformulated  based  on  the  National  Science  Board*s 
Education  for  the  21st  Century.  In  their  report,  the  NSB 
stated,  "The  teacher  is  the  key  to  education... the  vital 
factor  in  the  motivating  and  maintaining  student  interest 
in  mathematics,  science  and  technology.**  It  clearly 
focused  on  teachers,  an  emphasis  which  remains  today. 
Programs  built  on  this  foundation  with  "the  formation  of 
partnerships,  the  emphasis  on  elementary  science  and 
mathematics  education,  the  coUaboratives  between  state 
governments,  industry,  scientists,  academic  institutions 
and  schools,  the  establishment  of  proven  models  for 
teacher  enhancement,  the  potential  of  the  science  muse- 
ums as  sites  for  teacher  programs,  and  the  use  of  the 
information  technologies  in  education.*'  (Ethel  Schultz, 
unpublished  paper) 

The  tables  at  the  end  of  this  paper  shows  the  consider- 
able commitment  the  NSF  has  made  to  teacher  education 
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programs  over  the  past  seven  years.  The  two  charts  show 
th<5  growth  in  the  Teacher  Enhancement  and  technology 
programs  as  well  as  the  shift  in  the  support  to  include  all 
levels  K-12.  Recent  reviews  by  two  Committee  of 
Visito/8  have  endorsed  the  work  of  the  division  and  added 
a  significant  challenge-Teacher  Enhancement  Program 
Officers  were  encouraged  to  support  "high  risk"  projects 
which  may  have  less  traditional  ways  of  approaching 
education. 

Technology  as  Catalyst  for  Chang* 

Technology  has  changed  the  society  in  which  we  live, 
and  each  generation  lives  incrementally  different  from  the 
former,  so  even  if  current  technologies  were  adequate  for 
today,  they  would  not  be  for  tomorrow.  Technology  is  an 
empowering  force  which  provides  the  capability  to  create 
an  education  which  is  more  powerful,  appropriate  and 
adaptable  tJian  anything  previously  possible.  To  the  extent 
that  technology  forces  us  to  change,  it  also  give  us  the 
means  to  do  so. 

Technology  has  made  inroads  into  schools,  often 
without  educators  giving  much  thought  to  the  conse- 
quences. This  has  resulted  in  reforan  through  pi*actice 
rather  than  by  design.  Technology  is  being  used  in 
sophisticated  ways  in  our  schools.  It  is  being  used  to 
unprove  the  teaching  of  traditional  materials  and  enhance 
well-tried  methodologies  such  as  we  see  with  CAI, 
inteUigent  tutors,  and  many  multi-media  applications. 
These  innovations  increase  our  abilities  to  teach  and 
students*  abilides  to  learn  and  include  some  significant 
improvements  in  what  we  leach.  These  changes  have  been 
accepted  by  the  community  because  they  are  clearly  tied 
to  a  traditional  view  of  schools. 

Technology,  however,  raises  other  and  more  funda- 
mental questions  whose  answers  are  unsettling  and 
challenge  us  to  rethink  the  roles  of  the  teacher.  If  technol- 
ogy gives  students  access  to  far  more  information  than  a 
teacher  could  ever  know,  is  the  teacher  a  content  or  a 
process  expert?  Is  unguided  access  to  information 
appropriate  or  useful  for  students?  Can  students  discover 
and  formulate  important  concepts  through  the  use  of 
technology  by  freely  exploring  ideas?  Does  technology 
redefine  the  class  to  be  an  interest  group  rather  than  a 
room?  What  are  the  questions  which  could  be  raised  and 
shared  with  school  mates  across  disciplines  and  dis- 
tances? 

Computer  networks  are  an  excellent  example  of  a 
technology  which  gained  use  first  and  reflection  on  its 
impact  came  later.  Although  not  yet  ubiquitous,  the 
computer  connected  to  local  and  wide  area  networks  has 
already  changed  the  concept  of  the  school  composed  of 
die  teacher-led  classrooms  and  a  fixed  number  of  partici- 
pants. Students  nation  wide  share  experiences  ani  data 
over  any  of  8000  networks.  KidsNetwork  is  a  wonderful 


example  of  a  network  with  activities  expertly  catered  to 
the  level  and  interests  of  elementary  school  students.  In 
addition  to  collecting  environmental  data,  Uie  students 
shaie  information  about  themselves  and  their  cultures. 
Experiences  like  these  have  caused  many  teachers  to 
discover  unexpected  resources  on-line,  develop  new  skills 
for  **mining  the  network,'*  and  consequenUy,  rethink  their 
own  roles. 

Through  netwoiks,  students  have  access  to  experts  on 
line  and  to  a  massive  amount  of  information.  For  ex- 
ample, logging  onto  WAIS  on  the  Internet,  a  student 
could  use  CIA  World  Factbook  1991  to  access  a  huge 
amount  of  data  about  any  country.  Searching  for  Germany 
shows  such  facts  as  Germany  has-total  area:  356,910  sq 
km;  coastline:  2,389  km;  natural  resources:  iron  ore,  coal, 
potash,  timber,  lignite,  uranium,  copper,  natural  gas,  salt, 
nickel;  environment:  air  and  water  pollution;  ground 
water,  lakes,  and  air  quality  in  eastern  Germany  are 
especially  bad;  significant  deforestation  in  the  eastern 
mountains  caused  by  air  pollution  and  acid  rain;  life 
expectancy  at  birth:  73  years  male,  79  years  female 
(1991);  total  fertility  rate:  1.4  children  bom/woman 
(1991)...(WAIS). 

Computer  graphic  representations  are  being  used  to 
show  students  different  ways  of  seeing  diagrams.  Yet 
students  develop  intuition  by  doing,  not  by  seeing,  and 
this  is  precisely  what  the  new  technologies  allow  us  to 
consider.  The  ability  to  understand  how  laws  and  prin- 
ciples (of  science)  behave  in  a  new  domain,  not  only  what 
the  laws  aie  (intuition),  is  an  important  goal  of  modem 
science  education.  This  ability  is  at  the  core  of  the 
significant  changes  brought  by  High  Performance 
Computing  and  Communications  (HPCC)  to  science, 
particularly  in  discipline  areas  where  microscopic 
phenomena  control  macroscopic,  observable  behavior. 
Exploring  "how  laws  behave"  first,  and  allowing  students 
to  manipulate  the  laws  may  make  teaching  more  relevant 
and  understandable,  and  increase  the  sense  of  achieve- 
ment of  many  students.  The  quesdon  then  arises,  what 
should  we  teach  fu"st?  Will  our  strategy  work  well  with 
students  that  are  currenUy  (or  culturally)  excluded  from 
personal  achievement  in  science? 

Instead  of  the  hit-or-miss  use  of  this  new  advanced 
technology,  there  needs  to  be  a  systematic  approach  to 
understanding  its  impact.  Modem  technologies  are  so 
powerful  that  they  change  both  what  education  should  be 
and  how  it  should  be  delivered.  They  provide  the  tools 
with  which  we  can  craft  a  new  vision  of  schools.  By 
providing  leadership  and  the  resources  to  enable  the 
community,  the  NSF  will  pUy  a  seminal  role  in  helping 
that  vision  emerge. 

Through  closely  examining  education  which  uses 
technology,  we  can  formulate  new  expectations  for 
children.  The  NSF  views  the  teachers  as  the  critical 


328  Technology  ond  Teacher  Education  Annual  —  1993 


341 


element  in  any  change  effort.  The  rhetoric  on  educational 
technology  needs  to  converge  on  the  teacher-the  most 
likely  change  agent  for  the  school.  The  teacher  is  the  one 
person  who  is  most  able  to  guide,  instruct,  support,  and 
assess  students  in  any  future  school. 

Important  questions  must  be  answered  before  schools 
can  determine  the  amount  and  appropriate  use  of  various 
technologies.  In  light  of  technology,  how  will  the  role  of 
teachers  change?  How  do  we  best  prepare  teachers  for 
these  changes?  How  can  teachers  influence  the  develop- 
ment of  the  new  technologies  whose  use  they  will 
explore? 

Supporting  High  Risk  Idecss  for  Long  T«rm  Goin 

With  renewed  emphasis  in  the  future,  the  NSF  will 
strive  to  support  projects  which  use  technology  in  ways 
which  bring  about  systemic  change.  These  efforts  will 
require  real  and  sustained  commitments  from  the  commu- 
nities with  a  stake  in  education,  rethinking  the  roles  of 
teachers  and  students,  and  expanding  the  involvement  and 
resources  available  for  educating  children. 

The  NSF's  Education  and  Human  Resources  Director- 
ate is  organized  into  five  divisions.  Three  of  these 
Divisions,  with  responsibilities  which  involve  K-12 
education,  are  shown  below.  In  each  division,  various 
units  and  sections  support  projects  which  involve  teachers 
and  technology.  Tliese  are  described  in  more  detail  below. 


Teacher  Enhancement 

The  largest  of  the  pre-college  programs  is  Teacher 
Enhancement,  one  of  three  programs  under  the  Elemen- 
tary, Secondary  and  Informal  Education  Division  (ESIE). 
Although  some  TE  projects  build  on  the  materials 
developed  under  Instructional  Materials  Development 
(also  in  ESDE),  most  still  serve  die  local  concerns  of  the 
schools.  In  these,  technology  has  historically  assumed 
whatever  importance  the  local  school  has  been  willing  to 
assign  to  it.  Widi  few  exceptions,  NSF  has  been  willing  to 
wait  and  see  what  schools  would  propose.  Moreover,  the 
NSF  programs  have  been  organized  by  discipline  as  have 
the  panels  which  review  the  proposals.  However,  that  now 
appears  to  b'^  changing. 

Three  major  thrusts  will  shape  the  future  support  of 
education-technology,  systemic  change,  and  leverage. 
Traditional  woilcshops  will  yield  to  district  projects  which 
can  better  assure  institutionalization  and  systemic  change. 
CoUabomtions  and  cooperative  arrangements  will  be  the 
rule  rather  than  the  exception.  Federal  efforts  to  coordi- 
nate funding  will  probably  produce  more  large  projects  in 
which  many  agencies,  including  the  NSF,  have  roles. 
Increasingly,  projects  will  include  techiK)logies  which  do 
much  more  than  improve  the  efficiency  of  schools,  they 
will  challenge  the  paradigms  we  have  used  for  genera- 
tions. 

Teacher  Enhancement  needs  to  help  communities 
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prepare  teachers  to  assume  new  roles  in  a  variety  of 
**model"  schools.  In  addition  to  new  curricula  in  math- 
ematics and  science  and  multidisciplinary  approaches,  the 
infusions  of  educational  technologies  challenge  teachers 
to  expand  their  repertoires  and  take  on  new  foles. 

Teacher  Enhancement  wishes  to  encourage  projects 
which  examine  and  expand  the  roles  of  teachers,  particu- 
larly when  the  project  itself  generates  understanding  of 
the  relationship  of  the  teacher  to  the  students  and  the 
educational  resources.  Teachers  have  always  had  roles 
where  they  filter,  disseminate  and  assess  education.  In 
some  schools,  they  also  develop  curriculum  and  manage 
the  classroom.  In  the  new  paradigm,  teachers  must  also  be 
facilitators  who  guide  and  support  students,  managers  of 
information  and,  most  unportantly,  ieamers  themselves. 

Today  we  are  beginning  to  see  more  classrooms  where 
each  student  participates  and  learns  in  a  variety  of 
ways-in  co(^rative  groups,  using  networks  and  media, 
interacting  with  experts,  assimilating  new  information, 
etc.  The  teacher  must  both  manage  the  classroom  and  the 
resources.  In  doing  so,  the  teacher  takes  on  many  roles, 
often  contradictory,  and  must  be  able  to  shift  readily.  It  is 
the  development  of  these  new  roles,  spurred  on  by 
technology,  that  Teacher  Enhancement  seeks  to  include  m 
the  types  of  projects  it  currently  supports. 

Teacher  Preparation 

An  essential  ccmiponent  of  suMX)rting  innovative 
technologies  in  pre-college  education  is  the  development 
of  exemplary  teacher  preparation  programs.  Future 
teachers  must  be  provided  with  a  rich  variety  of  experi- 
ences in  the  use  of  technology  in  their  own  learning  at  the 
collegiate  level  and  must  also  learn  how  to  use  technology 
effectively  in  teaching. 

The  NSF's  responsibility  for  teacher  prejjaration  was 
recently  assumed  by  the  Division  of  Undergraduate 
Education  (DUE).  The  jH^eparation  of  future  K-12 
teachers  of  mathenaadcs  and  science  constitutes  the 
highest  priority  of  the  Division.  This  will  require  signifi- 
cant efforts  to  influence  the  academic  culture  so  that  more 
collegiate  faculty  members  devote  their  creative  effort  to 
instructional  scholarship  and  teaching  excellence.  It  will 
also  require  faculty  in  schools  of  education  and  in 
discipline  departments  to  forge  new  relationships  and 
partnerships. 

Projects  supported  by  DUE  fall  into  two  broad 
funding  categories:  a  few  relatively  large  scale  and  many 
relatively  small  scale  projects.  The  large  scale  projects 
provide  support  for  educational  institutions  and  coalitions 
of  institutions  to  introduce  innovative  approaches  and 
comprehensive  changes  in  teacher  preparation.  Th'^y  are 
collaborative  partnerships  of  the  mathematics,  science  and 
professional  education  conmiunities.  The  smaller  scale 
projects  are  of  three  types.  One  focuses  on  the  develop- 


ment of  courses  and  curricula,  especially  at  the  introductory 
collegiate  level.  Another  provides  professional  develop- 
ment for  faculty  to  unprove  undergraduate  teaching.  The 
third  suK>Ofts  the  development  of  new  or  improved 
laboratory  courses  or  experiments. 

The  use  of  technology  is  a  major  focus  of  many  projects 
in  each  of  these  programs.  Just  as  technology  will  be  part  of 
our  students'  future,  so  must  it  become  part  of  the  lives  of 
teachers  and  faculty  members.  Just  as  technology  forces 
changes  and  raises  questions  about  teaching  and  learning  m 
the  schools,  so  must  these  changes  and  questions  be 
addressed  in  the  colleges.  The  new  paradigm  of  teachers  as 
facilitators  who  guide  and  suppc«t  students  and  as  managers 
of  information,  resources,  and  student-active  classrooms 
applies  equally  to  faculty.  DUE  programs  are  designed  to 
enable  faculty  to  implement  the  vision  of  this  new  para- 
digm, thus  serving  as  models  for  and  mold^s  of  the  next 
generation  of  teachers  ready  to  meet  the  challenge  of 
teaching  in  a  technology-rich  world. 

Applications  of  Advanced  Technologies 

The  development  of  new  technologies  for  education  is 
supported  through  high  risk  projects  under  the  "Applica- 
tions of  Advanced  Technologies"  Program.  Research, 
development  and  proof-of-concept  projects  supported  by 
the  AAT  program  address  issues  at  the  forefront  of  technol- 
ogy and  its  applications  to  the  rethinking  of  learning  and 
teaching  in  science  and  mathematics.  The  program  lays  the 
research  and  conceptual  foundation  for 

1.  advanced  applications  of  technologies,  new  science 
knowledge  and  methodology,  and  new  national  infra- 
structure for  learning 

2.  accelerating  the  pace  of  adoption  cf  new  revolutionary 
computer  and  communications  developments  in  science 
and  mathematics. 

The  program  supports  innovation  rather  than  enhance- 
ment. Current  non-exclusive  priorities  for  AAT  are: 
distributed  systems  and  conununities,  collaborative 
learning,  computational  science,  simulation  and  visualiza- 
tion, alternative  assessment,  national  strategies  for  mnova- 
tion,  learning  environments  and  tools,  involving  teachers  in 
the  innovation  process 

In  FY92,  AAT  awarded  40  grants,  many  multiple-year, 
with  an  average  award  of  $312,000  per  year.  Funds  for 
FY93  are  expected  to  remain  at  $12M.  AAT  funds  work- 
shops and  conferences  designed  to  set  a  research  agenda  in 
areas  of  interest  to  the  program. 

AAT  has  funded  projects  which^developed  such 
innovations  as  Microcomputer-basal  Laboratories,  Logo, 
KidsNetwork,  hypermedia  and  simulations  as  well  as  some 
projects  which  flourished  in  the  minds  of  the  proposers  then 
faded.  Many  of  AAT  successes  have  continued  funding 
from  the  Instructional  Materials  Development  program, 
which  supports  curriculum  develc^ment. 
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Fiscal  Year 

rioposais 
Handled 

Awards-New, 
Continued, 
ouppicincni 

Awards 
Amount 
^Million 

1985 

524 

139 

17.5 

1986 

467 

117 

19.4 

1987 

317 

117 

35.6 

1988 

287 

148 

31.9 

1  Qon 

AO 

160 

44.1 

1990 

401 

189 

53.7 

1991 

655 

237 

78.5 

Teacher  Enhancement  Programs 


Fiscal  Year 

Preliminary 
Proposals 

Proposals 
Handled 

Awards-New, 
and 

Continuations 

Awards 
Amount 
$Million 

1988 

22 

10 

4.4 

1989 

24 

10 

6.0 

1990 

58 

24 

6 

6.3 

1991 

162 

23 

12 

12.5 

1992 

180 

65 

40 

12.5 

Applications  of  Advanced  Technologies 
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As  with  previous  issues  of  this  yearbo(*,  the 
papers  in  this  section  focus  on  topics  related  to 
the  development  of  teachers  who  can  maximize 
the  uses  of  technology  for  teaching  and  learning.  Al- 
though the  topics  span  a  broad  range,  fxom  specifying 
global  goals  for  teacher  education  to  giving  precise 
instructions  for  delivering  a  single  lesson,  the  papers, 
taken  as  a  colloquy:  1)  c^l  for  the  integration  of  ccxnput- 
ing  into  the  curriculum  regardless  of  the  subject  or  the  age 
group,  2)  emphasize  the  importance  of  appropriate 
modeling  behavior  in  college  teaching,  and  3)  stress  the 
usefulness  of  building  cooperative  networks  among 
different  levels  of  educators. 

To  aid  your  reading  of  this  section,  we  have  synthe- 
sized some  recurring  thraies  and  have  indicated  related 
works  whose  authors  stressed  these  themes  (note  that 
there  is  some  overly.)  It  is  our  hope  that  this  synthesis 
will  allow  you  more  readily  to  pick,  to  choose,  and  to 
compare  at  will.  These  themes  are  as  follows: 

•  Selecting  and  using  software  to  match  models  of 
instruction;  (Byrum) 

•  Prescribe  .g  ways  in  which  technology  can  be  applied 
to  different  models  for  curriculum  and  instruction; 
(Copley,  Coraiell,  Dubenezic,  Meyer  &  Schney) 

•  Stressing  to  teacher  educators  the  importance  of 
modeling  appropriate  teaching  behaviors  related  to 
technology;  (Hess,  Johnson  &  Marlow,  Robinson, 
Woodrow,  Wright) 

•  Listing  steps  and  techniques  for  restmcturing  teacher 
education  in  terms  of  technology;  (Dubenezic, 
Drazdowski,  Smith) 

•  Matching  the  delivery  of  technology-centered  educa- 
tion to  learning  styles;  (Howard  &  Howard) 

•  Delineating  curriculum  needs  of  different  student 
populations  and  different  subject  areas;  (C^ishohn, 
Parsons,  Zambo) 

•  Describing  the  potential  of  hypennedia  tools  for 
planning  and  delivering  nonlinear  instruction; 
(Connell,  Johnson  &  Marlow) 

•  Surveying  teachers  and  teacher  educators  to  identify 
practices  related  to  the  incorporation  of  technology 
into  teaching;  (Wetzel,  Woodrow), 

•  Characterizing  the  establishment  of  professional 
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networks  for  improving  communication,  planning,  and 
delivery  of  instructional  technology.  (Diem,  Meyer  & 
Sclmey) 

•   A  "humanized'*  PSI  model  for  teaching  tlie  under- 
graduate educational  computing  course  with  hundreds 
of  students  and  very  limited  personnel  (Fatds) 

Another  overall  unifying  theme  exists  among  five  of 
these  papers,  one  that  was  determined  by  the  authors, 
themselves.  Chisolm,  Hess,  Meyer  &  Schney,  Wetzel, 
and  Zambo  are  all  members  of  the  Panel  SessicH)  entitled, 
"Productivity  and  Instruction:  Molding  Technology  for 
the  Classroom."  Their  papers  should  be  interpreted  in  the 
context  of  that  general  topic. 

It  is  interesting  to  follow  the  progression  of  the 
educational  technology  revolution  over  the  past  few  years 
and  to  note  the  shifting  awareness  of  greater  and  greater 
challenges.  During  the  short  history  of  instructional 
computing  we  have  moved  from  an  infatuation  with 
teaching  progranrniing  to  a  concern  for  producing 
computer  knowledgeable  teachers  for  every  classroom 
and  every  subject  area.  This  shift  is  clearly  evident  in  the 
papers  presented  here.  There  is  a  wealth  of  provocative 
material  to  lead  the  reader  to  new  questions  for  research, 
to  new  schemes  for  curriculum  development,  and  most 
important,  to  a  confidence  that  he  or  she  is  not  alone  in 
tliis  adventure. 


James  A  White  is  an  assistant  professor  of  instructional 
technology  in  the  Department  of  Secondary  Education  of 
the  College  of  Education  at  the  University  of  South 
Florida.  His  current  major  interests  are  the  ongoing 
development  and  implementation  of  the  doctoral  program 
in  Instructional  Technology  at  USE  and  research  on 
computing  in  teacher  education, 

Andria  P.  Troutman,  a  professor  of  instructional  technol- 
ogy and  Director  of  the  Support  Team  for  Academic 
Computing,  also  at  the  same  institution,  is  interested  in 
research  and  development  in  the  use  technology  for 
delivering  instruction. 
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Selecting  computer 
applications:  A  model  for 
preservice  teactiers 

David  C.  Byrum 
Southwest  Texas  State  University 


Inlroduction 

There  are  many  factors  that  detennine  ateacbers  use 
of  a  computer  in  the  classroom.  These  factors 
include  software  preferences,  teacher  control, 
famili^ty,  aod  instnictioiial  approach.  Unfoctunately, 
many  teachers  choose  to  use  computers  in  limited  ways 
such  as  drill  and  practice,  tutorials,  and  keyboaiding. 
Much  of  this  low  level  use  can  be  attributed  to  alack  of 
training,  but  also  to  confusion  in  choosing  the  best  type  of 
computer  use  for  a  giv^  situatioo  or  objective. 

This  ps4)cr  presents  a  model  devel(^)ed  to  help 
preservice  teachers  select  a  counter  s^licatjon  (K  use 
based  on  the  objectives  for  a  lesson.  While  much  of  the 
literature  directed  toward  instructional  designers  of 
software  advocates  the  develqpment  of  aw)lications  for 
specific  skills  (e.g.,  drill  and  pacticc  for  discrimination 
skills),  diere  appears  to  be  little  guidance  for  teachM^  or 
]»eservice  teachers  in  selecting  appropriate  OMnputer  uses 
(BelU  1985;  Tessmer,  Jonassen,  &  Caverly,  1989). 

This  model  is  intended  to  be  only  a  starting  point  for  a 
preservice  teacher  in  selecting  impropriate  software.  The 
model  makes  no  attenqH  to  address  the  evaluatk)n  of 
software  once  a  type  of  software  is  suggested.  There  are 
two  main  purposes  for  the  model:  (a)  to  help  preservice 
teachers  analyze  their  lesson  objectives  and  pick  software 
best  suited  for  the  specific  learning  outcome;  and  (b)  to 
make  preservice  teachers  aware  of  the  role  the  computer 
plays  when  using  various  types  of  software  for  instruc- 
tion. 

1h0  Model 

The  model  uses  two  classification  systems  for 
selection.  First,  a  classification  system  based  on  Type  1 
and  Type  2  computer  uses  (Maddux,  Johnson,  &  Willis, 
1992)  and  second,  skills  based  on  C3agn£s  learning 
outcomes.  Shown  in  the  two  shaded  rings  (see  figure  1) 
are  the  Type  1  and  Type  2  computer  uses  which  define 
low  level  and  high  level  of  computer  use  based  on  factors 
such  as  program  control,  user  involvement,  interaction 
and  responses,  creativity  versus  facts,  and  program 
repetition.  Gagn6  (1985)  has  proposed  five  major  learning 
outcomes  of  which  three  are  included  in  the  model.  The 
outcomes  divide  the  circle  into  three  mam  sections  with 
subdivisions.  These  are;  (a)  intellectual  skills  subdivided 
into  discriminations,  concepts,  and  rules;  (b)  verbal 
information;  and  (c)  cognitive  strategies  (j^oblem 
solving). 


Type  1  and  Type  2  Applications 

Maddux,  Johnson,  and  Willis  (1992)  have  advocated  a 
classification  system  for  software  called  Type  1  and  Type 
2.  The  classification  system  attempts  to  take  into  account 
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Figure  1 


the  varying  roles  and  degrees  of  software  and  learner 
interaction,  developer  design,  and  level  of  thinking  skill 
of  the  user.  Common  characteristics  of  Type  1  software 
are: 

1.  There  is  passive  involvement  on  part  of  the  learner. 
Tyr'^  1  does  not  require  the  user  to  apply  any  high 
levi « thinking  skills  in  order  to  interact  with  the 
software.  An  example  is  drill  and  practice  software. 

2.  Software  developer  decides  what  the  program  will  do. 
The  developer  has  predetennined  how  the  computer 
will  respond  to  student  answers  and  the  user  has  little 
control  over  how  the  program  proceeds  through  the 
instruction. 

3.  Interactions  are  limited  by  developer.  Learner  answers 
must  come  from  a  range  of  responses  set  by  the 
developer  and  are  usually  very  limited. 


4.  Acquisition  of  facts  is  main  focus.  Usually  developed 
to  help  students  with  rote  memorization  skills. 

5.  Predictability  of  the  program.  Everything  the  program 
can  do  is  observed  in  a  short  period  of  time  and  shows 
little  variation. 

Type  2  software  aH)lications  generally  contain  the 
following  characteristics: 

1 .  Require  active  intellectual  involvement  of  the  user. 
The  learner  must  engage  high  order  skills  to  use 
programs,  such  as  problem  solving  software,  in  which 
decisions  and  other  factors  must  be  considered. 

2.  User  controls  saeen  action  ratL  2r  than  programmer. 
Although  every  program  has  certain  processes  that 
must  be  programmed,  for  the  large  part  the  learner 
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controls  what  actions  the  computer  takes.  For  ex- 
ample, when  using  LOGO  the  learner  controls  the 
actions  the  computer. 

3 .  User  controls  interaction  with  the  computer  with  a 
wide  range  of  acceptable  input  When  using  word 
processing  the  user  can  edit,  search,  replace,  check 
spelling  and  perform  numerous  functions  allowable  by 
the  program. 

4.  Generally  involves  aeative  tasks.  Utilizing  simulation 
software  or  designing  a  spreadsheet  requires  planning 
skills  and  the  creative  ability  of  the  learner  to  produce 
results. 

5.  Non-repetitive  in  what  the  user  sees.  It  usually  takes 
many  hours,  days,  or  months  before  all  features  or 
parts  of  the  program  have  been  explored  or  used.  For 
example,  when  using  a  spreadsheet  it  may  take  many 
months  before  the  user  discovers  and  learns  all  the 
features  and  functions  available.  Also,  there  is  often 
more  than  one  way  for  the  user  to  reach  the  desired 
result. 

Gognd's  Leoming  Outcomes 

As  stated  earlier,  Gagnd'  (1985)  proposed  five  major 
learning  outcomes  which  are  (a)  intellectual  skills,  (b) 
problem  solving  (cognitive  strategies),  (c)  verbal  informa- 
tion, (d)  motor  skills,  and  (e)  attitudes.  I  will  not  go  into  a 
detailed  discussion  of  Gagn6*s  learning  outcanes  in  this 
P2^r  but  if  the  reader  is  unfamiliar  witii  these,  please 
consult  Gagn6's  excellent  book.  Conditions  of  Learning 
(1985).  Two  learning  outcomes,  motor  skills  and  attitudes 
are  not  included  in  tiie  model  because  most  objectives  we 
have  encountered  use  the  first  three  outcomes.  While  tiie 
computer  can  do  a  good  job  of  teaching  these  two 
learning  outcomes,  tiie  computer  may  not  be  the  bef  t  or 
first  choice. 

Intellectual  Skills 

Intellectual  skills  have  been  further  subdivided  into 
the  categories  of  discrimmations,  concepts,  and  rules. 

Discriminations.  Discrimination  enables  the  learner  to 
distinguish  one  object,  event,  or  symbol  from  another. 
Discrimination  usually  involves  naming,  labeling, 
identifying  and  many  paired  associate  tasks.  For  example, 
given  a  map  of  tiie  United  States,  the  learner  will  label  the 
states  with  their  proper  name. 

Concepts.  Concepts  allow  learners  to  be  able  to 
classify  objects,  events,  or  symbols  as  members  of  a  given 
class.  Once  tiie  concept  is  learned,  learners  should  be  able 
to  place  objects  which  have  been  previously 
unencountered  into  the  correct  class.  For  example,  after 
learning  Uie  concept  of  adjectives,  the  students  should  be 
able  to  identify  the  adjectives  in  unfamiliar  sentences. 

Rules.  Rules  involve  a  series  of  steps  or  procedures 
which  are  used  to  accomplish  a  task.  Many  how-to  tasks 


use  rules  or  procedures  to  reach  a  desired  outcome.  For 
example,  to  find  tiie  perimeter  of  a  rectangle  the  learner 
must  apply  tiie  rule  Perimeter  =  2  X  (lengtii  +  width)  to 
find  the  answer. 

Verbal  Infomnatlon 

Verbal  information  allows  Uie  learner  to  tell,  state, 
explain  or  verbalize  a  fact.  Usually  verbal  information 
requires  rote  memorization  such  as  stating  die  tempera- 
ture at  which  water  freezes  or  tiie  date  of  tiie  attack  on 
Pearl  Harbor. 

Problem  Solving 

Problem  solving  skills  enable  the  student  to  generate 
and  solve  a  problem  often  through  Oie  use  discovering 
anotiier  higher  order  rule.  The  problem  solving  process  is 
considered  a  creative  skill.  Problem  solving  is  further 
divided  in  tiiis  model  into  two  sections  (a)  learning  about 
problem  solving  and,  (b)  application  of  problem  solving 
skills.  In  learning  about  problem  solving  tiiere  are 
generally  two  types  of  software,  general  and  specific. 
General  problem  solving  software  is  designed  to  teach 
and  reinforce  tiie  basics  of  problem  solving  and  is  not  tied 
to  any  specific  curriculum.  An  example  of  generic 
problem  solving  would  be  tiie  program  called  T?ie  Factory 
.  The  Factory  allows  students  to  develop  a  base  of 
knowledge,  brainstorm,  and  test  tiie  product.  Domain 
specific  problem  solving  software  limits  Uie  problem 
solving  process  to  tiie  topic  area  such  as  matii  or  science. 
Domam  specific  software  would  be  programs  such  as 
Botanical  Gardens  in  which  tiie  students  learn  problem 
solving  skills  in  tiie  area  of  botanical  science  and  genetics. 

The  application  of  problem  solving  skills  allows  tiie 
user  to  practice  tiiose  skills  in  programs  such  as  simula- 
tions, programming,  languages,  and  ttie  use  of  database, 
spreadsheets,  and  word  processing.  Theses  ^plications 
do  not  attempt  to  teach  problem  solving  but  reinforce  or 
require  tiie  learner  to  use  problem  solving  skills  or  steps 
to  successfully  complete  the  task. 

Using  the  Model 

The  following  section  of  tiiis  paper  wUl  present 
several  examples  of  performance  objectives  illustrating 
how  tiie  model  may  be  used  in  helping  preservice  teachers 
select  appropriate  educational  software. 

Sample  Objective  1.  From  memory,  the  student 
will  list  the  original  thirteen  colonies  In  the  order 
in  which  they  Joined  the  Union. 

Clearly,  tiie  above  objective  requires  tiie  rote  memori- 
zation of  facts.  Objectives  which  use  verbs  such  as  list, 
state,  recite,  and  define  are  usually  in  tiie  verbal  informa- 
tion category.  Examining  tiie  model,  tiie  teacher  can  see 
tiiat  a  suggested  type  of  educational  software  for  mstruc- 
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tion  would  be  either  drill  aiid  practice  or  tutorial  software. 
Both  driU  and  practice  and  tutorial  software  are  placed  in 
the  outer  ring  and  carry  the  Type  1  software  characteris- 
tics. If  the  teacher  wanted  the  student  to  use  a  database  to 
acquire  verbal  information,  a  simple  search  in  a  database 
would  also  help  in  acquiring  facts. 

Sample  Objective  2.  When  given  various  plane 
figure  shapes,  the  student  v^lil  be  able  to  classify 
them  as  square,  rectangle,  circle,  and  triangle. 

The  ability  of  the  student  to  classify  items  in  a  class 
according  to  characteristics  is  an  example  of  concept 
learning  under  intellectual  skills.  The  recommended  type 
of  software  shown  by  the  model  for  teaching  concepts  is 
tutorial  in  which  the  concept  is  defmed  and  given  with 
examples  and  non-examples.  Additionally,  explanations 
of  each  example  and  non-example  are  given  for  each 
category  along  with  practice  items  that  require  the  student 
to  classify  examples  and  non-examples  of  the  concept. 

Sample  Objective  3.  Given  ten  rectangles  with 
the  length  and  width  labeled,  the  student  will 
apply  the  formula  Perimeter  =  2  x  (length  + 
width)  to  calculate  perimeter  with  90% 
accuracy. 

The  above  example  uses  a  rule.  Rules  are  procedures, 
steps,  or  techniques  which  are  used  in  sequence  and 
applied  to  solve  a  problem  correctly.  For  example,  there 
are  many  rules  for  mathematical  operations  and  proper 
grammar  and  punctuation.  A  tutorial  program  is  recom- 
mended because  it  can  present  rules  to  students  by 
describing  the  rule,  giving  an  example  of  its  application 
and  how  the  rule  is  applied,  and  practice  items  in  which 
the  student  uses  the  rule  to  solve  a  problem.  Rules  can 
also  be  taught  by  using  a  combination  tutcMial  method  and 
simulation  software  in  which  the  student  learns  about  the 
rule  and  then  applies  it  in  the  simulated  setting. 

Sample  Objective  4.  The  student  will  design  a 
spreadsheet  which  will  calculate  the  square 
footage  of  a  house  given  the  measurements  for 
three  bedrooms,  dining  room,  living  room, 
kitchen,  and  two  baths. 

Sample  Objective  5.  The  students  will  write  an 
original  story  about  a  place  they  would  like  to 
visit. 

The  above  objectives  both  use  the  process  of  problem 
solving.  Both  require  the  student  to  apply  and  select  rules 
and  their  combinations  to  creatively  solve  the  problem.  In 
the  first  instance,  the  student  may  know  about  spread- 
sheets and  how  to  enter  formulas  and  the  student  may 
know  the  rule  for  calculating  square  feet  for  an  area,  but 


the  design  of  the  spreadsheet  requires  the  combination  of 
rules  and  procedures  to  create  a  new  process  of  calculat- 
ing square  footage  of  a  house.  Writing  a  story  also  caUs 
on  problem  serving  skills.  By  following  rules  of  grammar 
and  composition,  along  ;vith  original  thoughts,  the  student 
"creates"  a  new  story. 

Hie  application  of  problem  solving  skills  differs 
markedly  from  the  other  problem  solving  category  on  the 
model;  learning  about  problem  solving.  Software  for 
problem  solving  learning  attempts  to  teach  the  learner 
steps  or  methods  of  problem  solving  to  be  used  when 
confronted  with  aptoblem.  This  type  of  learning  is  best 
suited  for  tutorial  software  which  gives  a  description  of 
the  problem  solving  process  and  examples,  explanations 
of  how  the  process  was  applied,  and  practice  problems 
which  require  the  process  to  be  used.  Simulation  software 
can  be  used  to  present  problems  and  students  can  make 
decisions  and  see  how  their  decisions  affected  the 
outcome. 

Problems  and  Comments 

To  date,  we  have  had  several  problems  with  using  this 
model.  First,  is  the  use  of  Gagn6's  learning  outcomes. 
Although  widely  accepted  in  the  instructional  design 
field,  the  learning  outcomes  are  rarely  taught  in  under- 
graduate education  courses.  Bloom's  taxonomy  still 
appears  to  be  the  main  source  for  classifying  objectives. 
Most  students  did  not  have  a  hard  time  converting  from 
Bloom  to  Gagn6*  once  definitions  were  given  and  the 
outcomes  explained.  Still,  several  students  remained 
confused  during  the  whole  fM*ocess. 

Second,  it  had  to  be  stressed  repeatedly  that  the  model 
was  only  a  first  step  in  the  process  of  identifying  software 
for  use  in  the  classroom.  Several  students  used  the  model 
as  an  ends  unto  itself.  For  example,  a  student  would 
classify  the  objectives  for  a  lesson  as  concept  learning, 
use  the  model  to  select  the  an>ropriate  software  type, 
identify  a  piece  of  tutorial  software  in  their  subject  area 
and  then  stop.  After  further  explanation,  the  student  was 
able  to  identify  several  pieces  in  the  subject  area  and  then 
perform  a  traditional  software  evaluation  using  forms 
provided  to  pick  the  best  available. 

Another  curious  observation  resulted  from  the 
instances  in  which  students  after  identifying  the  types  of 
software  appropriate  for  the  objective  would  often  rewrite 
their  objective  if  it  fell  in  veital  information  or  Type  1 
software  uses.  Perh2q)S  negative  connotations  were 
unintentionally  passed  to  students  on  using  drill  and 
practice  and  other  Type  1  uses.  Students  were  reminded  in 
many  cases  that,  though  widely  overused  ill  in  many 
cases,  drill  and  practice  if  often  necessaiy  and  valid. 

Using  the  model  took  a  large  amount  of  time  due  to 
the  problems  mentioned  above.  Unfortunately,  our 
program  has  very  tight  time  lines  in  which  instructional 
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media  and  computers  in  educaUon  arc  taught  in  a  two- 
hour  lab  for  sixteen  weeks,  so  I  am  unsure  of  its  continued 
use.  I  have  had  much  better  success  using  the  model  in  a 
graduate  computers  in  education  class  in  which  a  more  in 
depth  look  at  software  and  objectives  is  allowed. 

Conclusion 

The  model  designed  for  the  undergraduate  technology 
course  worked  well  in  spite  of  several  problems.  How- 
ever, for  the  model  to  work  effectively  I  believe  several 
conditions  need  to  be  met: 

1.  Students  should  have  a  woridng  knowledge  of 
characteristics  of  the  various  types  of  software  (e.g.. 
drill  and  practice,  i  *orial). 

2.  Students  should  be  taight  both  Gagn6's  Learning 
Outcomes  and  the  Type  1  and  Type  2  Classification 
System. 

3.  It  should  be  stressed  that  the  model  is  only  the  first 
step  in  selecting  appropriate  instructional  software. 

4.  Once  the  type  of  software  is  identified,  students  should 
follow  traditional  methods  of  examining  both  the 
software  and  documentation  using  a  software  evalua- 
tion form  to  identify  the  best  p:ogram  from  ones 
available. 

5.  Ample  time  must  be  allotted  to  teach  all  of  the  above. 

For  the  majority  of  teachers,  the  most  important  aspect 
of  instructional  computing  is  their  decision  on  how  and 
when  to  use  computers  in  teaching.  Therefore,  it  is 
imperative  that  teacher  U^aining  include  guidelines  on  the 


selection  of  computet-  uses  based  on  both  instructional 
design  theories  and  the  characteristics  of  various  types  of 
software. 
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The  use  of  technology  in 
early  childhood 
classrooms: 
A  constructlvist  approach 
to  teacher  education 

Juanita  V,  Copley 
University  of  Houston 


The  preservice  and  inservice  teacher  education 
curriculum  for  early  childhood  is  primarily 
focused  on  developmentaily-appropriate  materials 
and  activities  for  the  young  child  along  with  the  appropri- 
ate instructional  methods  that  will  help  the  young  child 
construct  knowledge  (Bredelcamp,  1987).  Traditionally, 
technology  has  not  been  an  important  component  of  that 
curriculum.  In  fact,  there  exists  a  continuing  debate 
concerning  the  appropriateness  of  computer  technology  in 
the  early  childhood  arena. 

To  understand  the  fuU  potential  of  technology  and  its 
effectiveness  for  teacher  education,  teachers  must  have 
easy  accessibility  and  full  usage  of  technology 
(Sheingold,  1991).  To  any  teacher  educator,  the  use  or 
integration  of  technology  involves  more  than  just  a 
physical  change  of  additional  hardware  and  software.  It  is 
a  blend  of  thinking,  learning,  and  instruction  using  the 
tools  of  technology  to  form  an  entire  system  of  learning 
and  teaching  (Copley,  1992;  Dwyer,  1991).  To  an  early 
childhood  educator,  however,  additional  concerns  about 
the  develc^mental  characteristics  of  the  young  child,  the 
suitability  of  technology  to  the  motor  skills  of  the  young 
child,  and  the  use  of  developmentally-appropriate 
software  to  enhance  the  psychosocial  and  cognitive 
development  of  the  young  child  must  be  considered 
(Bredekamp,  1987). 

The  purpose  of  this  paper  is  to  present  an  approach  to 
the  education  of  early  childhood  preservice  and  inservice 
teachers  in  which  the  integration  of  technology  is  one  of 
the  desired  goals.  A  modified  constructlvist  model  for  the 
integration  previously  used  to  integrate  mathematics 
education  with  technology  (Copley,  1992)  will  be  used. 
From  the  context  of  this  constructivist  model,  the  se- 
quence of  activities  include:  (1)  a  review  of  software 
using  the  developmentally-appropriate  criteria  for  early 
childhood  education,  (2)  the  presentation  of  a  debate 
discussing  the  issue  of  the  aj^ropriateness  of  technology 
use,  (3)  classroom  sessions  in  which  technology  use  is 
modeled  as  it  would  occur  in  an  early  childhood  class- 
room, and  (4)  reflective  interactions  between  young 
children,  early  childhood  teachers,  and  class  members. 

The  Constructivist  Model 

The  constructivist  model  views  teachers  as  facilitators 
whose  main  function  is  to  help  students  become  active 
participants  in  their  learning  and  make  meaningful 
connections  between  prior  knowledge,  new  knowledge 
and  the  processes  involved  in  learning.  The  role  of  the 
teacher  educator  is  to  design  experiences  that  require 
teachers  to  construct  their  knowledge  of  the  subject 
content  and  technology  by  playing  the  role  of  students 
constructing  their  own  understandings  (Brown,  Collins,  & 
Duguid,  1989).  Constmctivists  emphasize  the  importance 
of  appropriate  forms  of  experience.  Group  forums  where 
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conflicting  issues  can  be  debated,  illustrations  of  the 
reality  of  the  classroom  by  practicing  early  childhood 
teachers,  and  lessons  that  model  the  appropriate  use  of 
technology  could  all  be  viewed  as  appropriate  experiences 
in  the  constructivist  classroom  for  teacher  education.  Both 
inservice  and  preservice  early  childhood  teachers  need  to 
be  involved  in  siniations  based  in  reality  to  facilitate  the 
construction  of  knowledge  and  effectively  assunilate  new 
information  into  existing  cognitive  structures  (Davis, 
Maher,andNoddings,  1990). 

Figure  I  illustrates  a  modified  view  of  the 
constructivist  model  in  the  integration  of  technology  and 
teacher  education  (Copley.  1992).  The  interactions 
between  the  compon  ents  of  the  model  indicate  that  the 
processes  arc  not  sequential  but  highly  dependent  on  one 
another.  Initially,  some  relationships  between  early 
childhood  teacher  education  and  technology  are  identi- 
fied. Then,  the  remaining  three  components  (a)  creation  of 
a  supportive  and  uiquiring  classroom  environment,  (b)  the 
review,  elaboration,  and  refinement  of  ideas,  and  (c)  the 
modeling  of  dispositions  are  considered  and  reconsidered 
as  the  model  is  implemented. 

This  model  of  implementation  was  used  with  two 
undergraduate  classes  primarily  for  preservice  teachers. 
The  Prekindergarten  Child:  Development  and  Develop- 
mentally-Appropriate  Practices  and  Kindergarten 
Programs  (n=68)  and  one  graduate  class  primarily  for 
inservice  teachers.  Current  Issues  and  Trends  in  Early 
Childhood  Education  (n=28). 


Relationships  b^tvtreen  Early  Childhood  T«acri0r 
Education  ond  T^hnology 

One  of  the  most  obvious  relationships  between 
technology  and  early  childhood  education  involves  the 
evaluation  of  curricular  materials.  The  National  Associa- 
tion for  the  Education  of  Young  Children  (NAYEC) 
recently  issued  a  landmark  publication,  Developmentally 
appropriate  practice  in  early  childhood  programs  serving 
children  from  birth  through  age  8  (Bredekamp,  1987). 
The  publication  lists,  in  detail,  practices  for  the  enhance- 
ment of  the  physical,  psychosocial,  and  cognitive  devel- 
opmer  .  of  the  young  child.  Both  inservice  and  preservice 
early  childhood  teachers  must  not  only  have  knowledge  of 
the  devel(^mentally  appropriate  practices;  they  also  must 
be  able  to  apply  the  DAP  criteria  to  specific  materials  and 
instnicUonal  methods  designed  for  the  young  child.  For 
this  purpose,  a  review  of  hardware  and  sof  twaje  using  the 
developmentally-appropriate  criteria  for  early  childhood 
education  was  a  necessary  experience  for  the  early 
childhood  educator.  Preservice  and  inservice  teachers 
were  given  a  list  of  ten  DAP  criteria  specifically  related  to 
technology  use  (Haugland  &  Shade,  1990)  md  asked  to 
score  the  use  of  specific  hardware  and  softv/are  according 
to  then-  perceptions  and  understanding  of  developmen- 
tally-a5)propriate  practices  for  students  in  FteK-2nd  grade. 
Developmental  Evaluations  of  Software  for  Young 
Children  (Haugland  &  Shade,  1990)  listed  ten  criteria:  (1) 
age  appropriate,  (2)  child  control,  (3)  clear  instructions, 
(4)  expanding  complexity,  (5)  independence,  (6)  process 
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orientation,  (7)  real-world  model,  (8)  technical  features, 
(9)  trial  and  error,  and  (10)  transformations.  After  a 
discussion  of  the  ten  criteria,  partners  previewed  twenty 
software  packages  recommended  for  young  children  using 
both  Macintosh  and  MS-DOS  platforms  and  evaluated 
their  effectiveness.  The  list  (Table  1)  included  relatively 
new  selections  as  well  as  more  traditional  selections. 

After  the  initial  evaluations,  preservice  and  inservice 
teachers  evaluated  the  software  packages  several  addi- 
tional times,  once  after  watching  young  children  use  the 
software  and  another  time  after  discussion  with  an 
inservice  teacher  who  had  used  the  software  with  young 
children. 

Another  relationship  between  early  childhood  educa- 
tion and  technology  use  involved  mostly  instructional 
methods.  An  inductive,  discovery  apfH"oach  to  learning  is 
often  one  experienced  by  the  young  child.  In  fact,  it  is  one 
of  the  most  common  and  delightful  characteristics  of 
young  children  and  one  that  needs  to  be  encouraged 
(Black,  J.K.,  Puckett,  M.B.,  &  Bell,M.J.,  1992). 
Preservice  and  inservice  teachers  were  asked  to  obsea^e 
and  note  the  young  child's  reactions  to  the  use  of  hard- 
ware  and  software  and  to  formulate  plans  to  encourage 
their  discovery  approach.  Questioning  strategies  and 


reflective  listening  techniques  were  discussed  and 
practiced  with  young  children  interacting  with  technol- 
ogy. 

CfMtion  ct  Q  Suppoftivn  and  inquiring 
Clossroom  Environment 

The  discussion,  exchange,  suppottt  and  evaluation  of 
ideas  is  an  important  aspect  of  any  teacher  education 
program.  To  create  an  inquiring  classroom  environment, 
the  graduate  class.  Current  Trends  and  Issues  in  Early 
Childhood  Education,  prepared  a  formal  debate  of  the 
resolution,  "Resolved:  The  use  of  c(xnputer  technology  is 
developmentaIly-appr(yriate  for  early  childhood  pro- 
grams.'* Before  affirmative  and  negative  positions  were 
stated  and  rebutted  (Clements,  1991;  Davidson,  1989), 
class  members  were  asked  to  write  their  initial  opinion  of 
the  resolution.  The  debate  was  presented  in  both  the 
graduate  and  undergraduate  classes  with  time  allowed  for 
questions  from  class  members.  Opinions  were  written 
after  the  debate  was  fomially  completed  and  informal 
debates  on  the  merits  or  concerns  of  technology  use  with 
young  children  continued  throughout  the  class  sessions. 
The  interactions  between  preservice  and  inservice 
teachers  regarding  technology  use  helped  facilitate  the 


Table  1  — 
Listing  of  Suggested  Software  for  the  Young  Child  Used  to  Implement  the  Constructivist  Model  of 
Teacher  Education 


Nameof  Softvi'are 

Publisher 

Recommended 
Level 

Grandma  and  Me 

Borderland 

PK- 3rd  Grade 

Memory:  Simon  Says.... 

Sunburst 

PK -2nd  Grade 

Sidewalk  Sneakers 

Wings 

1st -3rd  Grade 

Winker's  World  of  Patterns 

Wings 

K-3rd  Grade 

The  Pond 

Sunburst 

1st -3rd  Grade 

Cinderella 

Discus  Books 

PK- 4th  Grade 

Long  Hard  Day  at  the  Ranch 

Discus  Books 

Ages  3  -  9 

EZLogo 

MECC 

K-2nd  Grade 

Measurement,  Time  and  Money:  Vol  1 

IBM 

1st -3rd  Grade 

Juggles*  Rambow 

The  Learning  Co, 

Early  Childhood 

Magic  Cmyon 

C&CSoftware 

K-  2nd  Grade 

Pamt  with  Words 

MECC 

K-2nd  Grade 

Reader  Rabbit 

The  Learning  Co, 

Early  Childhood 

Stickybear  ABC's 

Weekly  Reader 

PK-K 

Stickybear  Opposites 

Weekly  Reader 

PK-lst  Grade 

Bouncing  Ball 

Wings 

K-3rd  Grade 

Balancing  Bears 

Wings 

lst-3rdGrad 

Create  with  Garfield 

DLM  Teaching 

lst-4th  Grade 

Pacemaker 

Spinnaker 

K'4th  Grade 

Gertrude's  Secrets 

The  Learning  Co. 

lst-3rd  Grade 

ERIC 
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construction  of  knowledge  of  both  groups  of  early 
childhood  teachers. 

Interactions  between  young  childien  and  technology 
were  other  aspects  of  the  early  childhood  classes.  Seven 
young  children  (4-7  years  old)  attended  the  undergraduate 
classes  and  rotated  through  a  variety  of  centers  during  a 
90  minute  class  period.  Preservice  teachers  observed, 
recorded,  and  reacted  to  the  behaviors  and  verbalizations 
of  these  children  as  they  related  to  technology.  Because  of 
their  access  to  young  children,  inservice  teachers  were 
required  to  try  specific  software  with  children  in  their 
classes.  Reports  of  their  behaviors  were  presented  and 
discussed  with  other  graduate  class  members. 

Modeling  of  Learner  and  Teoching  Dispositions 

The  modeling  of  software  and  hardware  use  was  an 
essential  component  in  both  the  undergraduate  and 
graduate  classes.  Using  the  suggested  instructional 
methods  in  the  software  documentation,  class  mer  ibers 
were  instructed  with  a  variety  of  software  packages.  After 
a  discussion  of  developmentally-appropriate  methods, 
alternative  practices  were  discussed  and  unplemented 
with  another  undergraduate  class  or  with  young  children. 
Class  members  were  asked  to  reflect  on  their  feelings 
about  technology  use  and  the  quality  of  early  childhood 
education  from  both  the  learner  and  the  teacher  perspec- 
tives, hi  addition,  class  members  were  introduced  to 
hardware  that  was  unfamiliar  to  them.  (In  most  cases, 
class  members  were  familiar  with  one  platfonn;  another 
platform  was  chosen  for  their  midal  mtroduction  to 
technology.)  Students'  reactions  to  the  difficuldes 
experienced  in  manipulating  a  mouse,  a  joystick,  or 
commands  were  acknowledged  and  discussed  specifically 
in  relation  to  the  young  child's  beginning  experiences 
with  technology. 

Preliminary  Results 

Obviously,  the  intended  results  of  the  implementation 
of  this  integration  model  in  early  childhood  teacher 
education  classes  would  be  the  effective,  appropriate  use 
of  technology  in  the  classrooms  of  the  preservice  and 
inservice  teachers.  Because  this  model  has  just  recendy 
been  implemented,  the  long-term  results  have  not  been 
investigated.  However,  based  on  the  informal  oral  and 
written  reflections  of  the  teachers,  some  jM-eliminary 
results  can  be  reported,  (a)  Teachers  frequently  changed 
their  opinion  of  developmentally-appropriate  software.  In 
most  cases,  preservice  teachers  reported  that  they  thought 
a  particular  piece  of  software  was  too  difficult  for  the 
young  child  to  manipulate  or  not  understandable.  Often, 
after  they  observed  a  young  child's  use  of  the  software, 
they  reacted  to  the  child's  ability  to  manipulate  and 
understand  the  software  and  hardware  with  surprise,  (b) 
In  all  cases,  teachers  reported  that  they  learned  more 


about  ttie  possibiliUes  and  flexibility  of  technology  use  in 
early  childhood  classrooms,  (c)  Preservice  teachers  and 
some  inservice  teachers  stated  that  they  felt  more  capable 
of  changing  the  instruction  suggested  widiin  the  software 
documentation  to  better  fit  their  understanding  of  the 
development  of  the  young  child,  (d)  Finally,  m  ahnost  all 
cases,  teachers  reported  that  they  felt  more  positive  about 
technology  use  and  enjoyed  the  opportunity  to  learn  more 
about  its  use  in  the  early  childhood  classroom. 
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Technology  enhanced 

cases 
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Cases  consist  of  vivid,  moving  accounts  of  real-life 
classroom  dilemmas  which  can  be  powerful  tools 
for  improving  teaching.  Whether  written  by 
teachers,  administrators,  or  university  faculty,  cases  offer 
a  problem  based  snapshot  of  an  on-the-job  dilemma  and 
are  consciously  designed  to  provoke  discussion.  During 
the  discussion  of  a  case,  participants  are  prompted  to 
reflect  upon  their  own  practice — not  in  generalities,  but 
by  analyzing  specific,  concrete  problems.  By  situating 
discussion  of  teaching  and  learning  to  specific  contexts 
and  settings,  cases  keep  principles  connected  to  particu- 
lars. Since  the  case  is  about  'someone  else*  it  is  possible 
for  discussants  to  talk  about  teaching  without  ego  getting 
in  the  way  of  reflection  (Shulman,  J.  H.,  1991). 

Because  of  these,  and  various  other  factors,  many 
education  methods  instructors  are  using  case  based 
discussion  as  an  important  part  of  their  courses.  The 
methods  used  by  the  majority  are  based  upon  traditional 
use  of  cases  in  the  legal  and  medical  community,  and 
technology  has  typically  not  been  considered  as  a  part  of 
this  approach. 

This  paper  is  based  upon  the  author's  woik  with  the 
case  group  from  Far  West  Labs  and  the  recent  "Using 
cases  in  teacher  education"  conference  co-sponsored  by 
Far  West  and  the  University  of  Utah.  It  provides  general 
background  on  case  methods  and  their  use  in  education, 
an  example  of  a  case  in  which  technology  is  used  to 
expand  the  potentialities  of  the  case  metaphor,  and 
discussion  of  design  issues  critical  in  designing  a  technol- 
ogy enabled  case.  The  presentation  for  which  this  paper 
has  been  prepared  is  in  2  parts:  1)  the  actual  case  text- 
constructed  in  line  with  traditional  case  design  -  which 
develops  a  problem  with  multiple  implications  for 
mathematical  assessment,  content,  student  construction, 
and  teacher  burnout;  and  2)  a  hypertext  supplement 
employing  cognitive  flexibility  theory  (Spiro,  Vispoel, 
Schmitz,  Samarapungavan,  and  Boerger;  1987)  to 
highlight  these  major  themes  and  allow  the  students 
multiple  passes  through  this  intellectual  landscape.  This 
use  of  technolog  allows  for  an  expansion  of  the  case 
metaphor  to  include:  investigations  of  common  themes 
across  families  of  cases,  each  constructed  according  to 
similar  design  constraints;  archiving  of  cases  so  that 
related  cases  pertaining  to  a  given  thematic  strand  may  be 
readily  identified;  video  and  audio  sources  to  'flesh  out* 
the  case;  and  extensive  participant  interaction  via  student 
creation  of  new  links  in  existing  information  and  addition 
of  new  perspectives  and  strands  as  they  become  apparent. 

Case  Methods 

The  default  model  for  most  educators  when  asked 
about  case  discussion  is  that  of  an  extended  Socratic 
dialogue  surrounding  a  hypothetical  situation  as  used  in 
business  or  law  schools.  Although  teaching  is  an  equally 
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complex  act,  the  training  of  teachers  has  not  typically 
been  done  using  case  based  discussion.  In  describing  this 
situation  Lee  Shuhnan  has  said  that: 

The  case  method  of  teaching  does  not  exist.  The 
character  of  cases  and  case  methods  varies  widely  from 
field  to  field,  and  even  at  tinies  within  a  single  field...  in 
teacher  education,  we  are  far  from  any  received  doctrine 
or  orthodoxy  regarding  case  methods.  (Shuhnan,  L.  S., 
1992,  p.  2) 

The  lack  of  a  well  established  tradition  in  use  of  case 
methods  in  methods  instruction  allows  a  window  of 
opportunity  for  the  introduction  of  technology  to  enhance 
the  case  method  itself.  When  technology  is  used,  a  crucial 
issue  is  the  extent  to  wLlch  one  relies  on  the  technology, 
and  the  extent  to  which  the  case  is  allowed  to  stand  on  its 
own  merit  as  a  text.  In  the  work  reported  here,  a  Technol- 
ogy Enhanced  Case  (TEC)  begins  with  a  core  text 
comprising  the  case  itself.  This  text  serves  both  as  the 
students'  first  exposure  to  the  case  and  as  the  basis  of  all 
enhancements  -  whether  done  by  the  teacher  candidate  or 
by  the  methods  instructor.  In  this  author* s  cases  there  are 
not  a  lot  of  context  or  happy  endings.  The  focus  has  been 
to  write  something  specific  enough  to  engender  conversa- 
tion while  remaining  general  enough  that  it  can  be  widely 
used.  As  might  be  gathered  from  Shulman's  comments 
quoted  above,  this  is  not  the  only  style  of  case  writing,  A 
flavor  for  the  richness  and  variety  possible  in  the  writuig 
of  cases  may  be  found  in:  The  intern  teacher  casebook, 
1988;  The  mentor  teacher  casebook,  1987;  or  Case 
studies  for  teacher  problem  solving  (1991)  which  are 
cited  in  the  reference  section  of  this  paper. 

The  particular  case  that  will  be  described  in  this  paper 
is  that  of  "E>ear  Miss  Sally  Brown".  With  this  as  both 
caveat  and  introduction,  let  us  turn  to  the  core  version  of 
the  case.  Since  this  forms  the  basis  for  the  discussion,  it  is 
very  helpful  to  actually  take  the  time  to  read  through  it. 
The  foils  to  consider  as  you  read  the  case  are:  1)  What 
types  of  things  happened?  and  2)  How  do  you  feel  about 
it? 

The  Case 

To  think  that  this  was  the  year  that  math  was  going  to 
be  different!  No  more  of  the  boring  book  and  the  old 
impersonal  lecture  first — assign  a  page  second  go  round. 
Yeah  sure...  To  think  that  I  almost  believed  it  might 
work... 

My  class  had  been  working  for  a  little  over  two  weeks 
on  division,  "sharing,"  as  we  had  called  it.  I  had  been 
using  BaselO  blocks  to  demonstrate  and  I  had  just 
finished  grading  a  quiz  where  il^ey  drew  sketches  showing 
how  they  would  "share  out"  some  problems.  Although 
most  of  the  kids  did  well,  there  were  enough  v/ho  did  not 
that  1  decided  I  should  talk  to  :\  fcv  students  to  see  how 
they  were  doing.  Sheesh,  was  Uiat  a  mistake. 


I  had  been  using  a  set  of  Flash  cards  to  pick  out 
exercises  and  then  giving  the  student  the  related  problem 
orally  in  a  "share  with'*  format  So,  a  problem  might  be  to 
"share''  72  counters  with  9  people.  Without  exception, 
each  of  the  five  students  I  talked  with  was  able  to  select 
the  correct  number  and  type  of  BaselO  blocks. 

I  was  pleased  to  note  thai  .bur  of  the  five  students 
were  able  to  successfully  complete  the  exchanges 
necessary  to  get  the  correct  answer.  Although  they  often 
used  different  procedures  than  what  I  had  shown  them  in 
class,  they  were  at  least  able  end  up  in  the  right  place.  For 
the  most  part,  the  kids  were  able  to  describe  numerous 
situations  in  which  such  '^sharing  out*'  would  be  desu^ble. 

I  suppose  I  must  have  been  a  little  tked  on  the  sixth 
kid,  because  instead  of  posing  the  problem  orally,  I  just 
showed  Lenny  the  problem  on  the  Flash  Card  and  asked 
hun  to  do  the  problem.  Instead  of  having  a  "share  with'* 
situation,  he  was  faced  with  just  the  cold  math  exercise- 
so  the  example  above  of  sharing  72  counters  with  9 
people  looked  like  72/9. 

The  response  was  both  unmediate  and  discouraging, 
Lenny:  This  is  a  Dear  Miss  Sally  Brown  problem!  We 
learned  how  to  do  these  ages  ago...  see,  you  just  d/viVfe, 
multiply,  subtract,  bring  down., Dear  Miss  Sally  Brown, 
Not  only  had  he  forgotten  every thmg  he  had  learned 
about  "sharing"  and  using  the  BaselO  blocks,  but  in 
applying  the  steps  of  Divide,  Multiply,  Subtract,  and 
Bring  Down  Lenny  failed  to  perform  a  single  step 
correctly — with  the  result  that  the  answer  was  720!  To 
make  matters  worse,  the  attention  to  sense-making  and 
reality  checks  shown  by  the  other  students  were  no  where 
to  be  found.  The  strength  of  Dear  Miss  Sally  Brown  and 
its  associated  "right  procedure"  proved  too  much  for  the 
him  to  overcome.  Flustered,  I  asked  him  to  do  the  same 
problem  using  the  "share  with"  format,  and  he  was  able  to 
perform  as  well  as  the  previous  five  students — ^without 
even  realizing  that  anythmg  had  gone  wrong. 

1  went  back  to  the  students  I  had  talked  with  earlier 
and,  although  they  were  at  least  able  to  get  the  right 
answer.  Dear  Miss  Sally  Brown  won  out  for  three  of 
them.  As  long  as  the  problems  were  given  as  "share  with" 
these  students  were  able  to  think  about  their  work,  select 
the  right  blocks,  and  give  examples.  Whenever  an 
exercise  was  presented  in  standard  form,  however,  Dear 
Miss  Sally  rose  its  ugly  head  and  the  blocks  were  forgot- 
ten with  no  attempt  at  sense  making,  estknation,  or 
checking  on  the  part  of  the  students. 

I  wish  I  had  just  recorded  the  scores  and  let  it  ride.  At 
least  I  would  have  had  the  illusion  of  success.  Now  I  am 
stuck  with  the  knowledge  that  Dear  Miss  Sally  has  beaten 
out  my  hard  work  of  the  last  two  weeks.  I  should  have 
just  left  well  enough  alone  and  stuck  with  the  book. 
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1h0  Discussion 

This  discussion  is  organized  around  two  themes.  The 
first  theme  concerns  design  issues  to  consider  in  con- 
structing a  TEC.  The  second  theme  is  how  one  might 
conduct  a  case  discussion  using  a  TEC.  Since  it  is  not 
possible  to  illustrate  the  interactive  nature  of  the  presenta- 
tion, efforts  will  be  made  to  describe  the  links  to  the 
extent  possible. 

Design  considerations  for  constructing  o  TEC 

In  actual  design,  it  is  critical  to  start  with  a  well 
established  case  with  which  you  are  familiar.  The 
cognitive  thinking  demands  of  constructing  a  case  alone 
is  tremendous.  To  try  to  write  a  case  while  at  the  same 
time  considering  the  technological  enhancements  that 
could  be  added  might  be  overwhelming.  This  was  the 
reason  for  selecting  the  case  of  Dear  Miss  Sally  Brown. 
This  case,  as  presented  here,  was  collaboratively  written 
by  the  author  and  a  local  teacher  and  has  undergone 
extensive  revision,  testing,  and  feedback. 

Once  the  case  has  been  selected  the  enhancements 
may  begin.  When  using  technology  to  enhance  a  case  it  is 
important  to  not  inadvertently  replicate  any  of  the  features 
of  the  old  "drill  and  kill  machines"  which  present  text  and 
then  require  an  exact  response.  Although  certainly 
feasible,  such  an  approach  offers  little  value  added  to 
entice  the  use  of  a  TEC.  In  a  TEC  we  don't  want  students 
responding  to  the  machine.  We  want  students  who  are 
using  the  machine  as  a  tool  to  develop  their  own  under- 
standings. Clearly  this  perspective  has  embedded  within  it 
some  specific  beliefs  about  what  knowledge  is  all  about, 
what  evaluation  of  that  knowledge  might  look  like,  and 
about  how  we  can  facilitate  the  construction,  evaluation 
and  sharing  of  information. 

A  primary  belief  that  was  used  to  guide  all  of  the 
author's  TEC  construction  is  that  humans  are  innately 
problem  solvers.  We  ieam  best  when  our  autcnnatic 
assumptions  are  violated — that  is,  when  we  have  a 
problem.  It  is  when  we  come  across  swnething  that  is 
unique  to  our  experience,  that  we  have  net  seen  before, 
that  there  are  not  standard  forms  of  solution  that  are 
widely  recognized,  that  we  have  to  think  (Connell,  1992). 
Random  experience,  however,  is  not  necessarily  the  best 
teacher.  A  TEC  should  possess  an  internal  framework  for 
the  discussants  to  use  to  enable  specific  ways  of  looking 
at  the  performance  as  a  teacher  of  the  case's  protagonists. 
It  is  helpful  to  have  conunon  themes  that  cut  aaoss  cases. 
In  constructing  a  TEC,  exphcitly  identify  your  basic 
themes  and  how  and  where  they  occur  within  each  TEC. 
In  the  design  process,  take  your  internal  mental  represen- 
tations and  put  them  in  an  external  form  so  that  they  are 
available  for  discussion  and  reflection.  In  laying  out  this 
framework,  remember  that  people  have  very  different 
mental  representations  for  ihe  same  type  of  experience. 


Every  effort  should  be  made  to  bring  the  reader  into  the 
world  of  the  case  with  all  of  its  complexities  and  relation- 
ships. 

To  maximize  the  utility  of  the  develc^)ed  TEC  the 
author  suggests  that  you  strive  for  across  platform  ability. 
The  TEC  for  Dear  Miss  Sally  Brown,  although  developed 
using  ToolBook  on  an  IBM  compatible  computer,  would 
work  equally  well  under  HyperCard  on  the  Macintosh 
system.  To  enable  ease  of  portability,  nothing  in  the 
developed  case  took  advantage  of  unique  features  of 
either  authoring  system.  Four  basic  programming  ele- 
ments common  to  both  HyperCard  and  ToolBook  are 
used  by  the  author  when  designing  a  TEC:  1)  Fields;  2) 
Buttons;  3)  Pictures;  and  4)  Hotwords. 

At  the  simplest  level,  you  push  a  button,  write 
information  in  a  field,  and  illustrate  using  pictures.  You 
can  script  a  button  to  perform  an  action,  switch  to  the  next 
page,  call  up  another  piece  of  information,  show  all  of  the 
cases  with  a  similar  theme,  and  so  on.  Depending  upon 
your  skill  in  the  authoring  system  and  access  to  external 
resources,  the  sophistication  of  these  basic  objects  can  be 
increased  significantly.  For  example,  consider  a  button 
which  brings  up  an  enactment  of  the  case  on  videodisc 
that  links  to  a  panel  of  experts  which  may  be  clicked  on  to 
get  opinions.  The  enhancements  possible  are  tremendous, 
but  each  should  be  considered  in  light  of  the  underlying 
framework  which  was  earher  defined.  It  is  important  not 
to  try  to  create  a  TEC  by  merely  throwing  technology  at 
the  case.  Each  enhancement  should  be  carefully  consid- 
ered in  light  of  the  themes  that  the  case  is  designed  to 
engender. 

The  author  makes  extensive  use  of  hot  words  through- 
out each  TEC.  Hotwords  serve  as  the  primary  navigation 
tool  within  the  case.  Since  a  TEC  begins  with  a  case 
which  serves  as  the  center  of  the  instruction,  the  use  of 
hotwords  as  a  navigation  tool  remforces  the  cenUality  of 
the  case  text  while  providing  an  easily  used  interface  for 
the  students.  The  students  learn  quickly  that  anytime  in 
the  case  text  they  come  across  an  underlined  word  and 
click  on  it  something  will  happen.  Hotwords  are  selected 
and  CTeated  to  enhance  one  or  more  of  the  major  themes 
identified  within  the  case.  The  actions  these  hotwords 
perform  are  designed  to  extend  and  challenge  our  under- 
standing of  the  ideas  presented  in  the  case.  Themes  recur 
throughout  the  case  from  a  wide  vaiiety  of  perspectives. 

In  thinking  of  the  enhancements  possible,  it  is  helpful 
to  broaden  your  definition  of  what  is  possible  with 
pictures.  Depending  on  how  you  set  it  up  and  how  much 
risk  you  are  willing  to  take  as  you  take  equipment  into  the 
field,  it  is  possible  to  include  interactive  videodiscs,  stills 
from  CD  Roms,  live  video  shots,  and  so  on.  This  phase  of 
the  design  of  a  TEC  is  a  tough  job.  An  unenhanced  paper 
case  brings  students  closer  to  the  real  worid  situation  it 
came  from.  Depending  upon  the  effort  and  video  interac- 


Technoiogy  •nhancad  coms  347 


3G0 


tion  you  put  in  on  the  technology  enabled  case,  you  are 
bringing  students  even  closer.  It  is  important  to  present  a 
balance  between  the  ill  structuredness  of  the  classroom 
environment  that  you  are  representing,  and  the  well 
structuredness  that  needs  identification  so  that  logical 
argument  or  discussion  can  develop.  One  of  the  goals  of  a 
well  designed  case  is  to  bring  the  reader  into  the  virtual 
world  constracted  by  the  case  -  be  sure  that  this  world  is 
accurate. 

The  author  is  committed  to  having  multiple  paths 
through  any  case  defined  ahead  of  time  as  there  is  no  way 
of  telling  which  path  a  given  group  will  be  interested  in. 
To  see  how  this  might  work,  let  us  refer  back  to  the  case 
itself.  By  traversing  the  intellectual  tenain  from  a  variety 
of  perspectives,  the  students  have  the  opportunity  to  see 
the  complex  nature  of  the  teaching  situation  and  to 
practice  possible  solutions  and  investigate  tiieir  implica- 
tions. Technology  helps  to  make  tiiis  complex  environ- 
ment manageable  and  enables  us  to  explore  cases  in  a 
truly  unique  way.  You  may  decide  for  example  to  include 
a  link  between  tiiis  case  and  anotiier  case  showing  a 
similar  tiieme.  Suppose  tiie  students  had  never  seen  a  base 
ten  block  before.  The  scanned  image  showing  tiie 
children's  work  is  only  a  mouse  click  away. 

Conducting  a  case  discussion  using  a  TEC 

Remember  learning  to  ride  a  bicycle?  Remember  how 
it  felt  when  you  first  started?  Terrifying  wasn't  it?  If  your 
experience  was  anytiiing  like  the  autiior's  you  probably 
felt  like  tiiere  were  forces  seeking  to  tiirow  you  to  the 
ground  and  succeeding  quite  often.  In  the  face  of  these 
conflicting  problems,  tiiough,  most  people  do  succeed  in 
learning  to  ride.  Initial  experiences  witii  teaching  witii 
cases  is  often  a  lot  like  tiiat  Consider  tiiis  as  an  attempt  to 
capture  a  "talk-aloud"  in  print  on  how  \he  autiior  would 
go  tiirough  a  case  discussion  using  technology  as  an 
enhancement  to  tiie  original  case.  Altiiough  this  case  has 
been  extensively  used  by  tiie  autiior  as  a  part  of  graduate 
and  undergraduate  metiiods  courses,  tiie  STATE  presenta- 
tion marks  the  second  time  it  has  been  discussed  in  its 
technologically  enhanced  form  in  front  of  an  audience  as 
opposed  to  a  classroom. 

In  using  a  TEC  to  present  a  case  it  is  important  to 
allow  time  for  a  joint  construction  of  meaning.  In  tiiis 
process,  it  is  important  to  tiiink  carefully  ahead  of  time 
tiirough  the  representations  tiiat  are  used.  Special  attention 
should  be  given  to  any  features  unique  to  tiie  case  or  those 
features  used  in  a  different  fashion  Uian  currentiy  ac- 
cepted. It  is  important  to  go  tiirough  tiie  ways  Uiose 
representations  are  mapped  out,  and  plan  tune  to  reflect 
on  tiie  structure  of  tiie  case  itself  Some  of  tiiis  can  be 
done  in  passing,  such  as:  "This  is  what  we  mean  by  a  hot 
word.  Here  is  what  a  hot  word  looks  like  in  this  case  text. 
Here  is  what  happens  when  we  click  on  tiie  hot  word..." 


and  tiie  like. 

In  leading  the  discussion  it  is  important  to  remember 
tiiat  tiie  case  isn't  based  on  technology,  it  is  based  on  a 
problem  in  teaching— in  tiiis  case  elementary  matiiemat- 
ics.  As  you  gain  experience  witii  TEC's  you  must  be 
willing  to  weed  out  features  tiiat  deti^t  from  tiie  flow  of 
discussion  regardless  of  tiie  time  investment  in  tiieir 
creation.  Don't  expect  to  cover  every  nuance  of  flie  case 
in  a  single  setting;  tiiere  are  tiiemes  witiiin  tiie  case  which 
take  quite  awhile  to  tiioroughly  explae.  In  looping  back 
through  the  terrain,  it  is  common  to  find  that  on  tiie 
second  and  tiiird  passes  you  encounter  a  different  set  of 
questions  tiian  tiiose  asked  tiie  first  pass  tiirough. 

Let's  take  a  sample  pass  tiirough  tiie  TEC.  We  read  up 
to  tiie  point  "tiiis  was  tiie  year  tiiat  matii  was  going  to  be 
different!  "  After  clicking  on  tiie  hotwords  math  ^""s 
going  to  be  different,  we  are  presented  witii  a  series  of 
classroom  layouts  and  provided  witii  a  sCTolling  field 
witiiin  which  to  describe  which  type  of  teaching  each  of 
tiiese  classroOTis  would  facilitate  or  hinder.  Questions  are 
posed  which  force  us  back  to  reflect  upon  predefined 
tiiemes.  What  kind  of  class  do  you  tiiink  tiiat  might  be? 
How  about  this  one?  How  about  tiiis  one?  After  respond- 
ing to  tiiese  open  ended  questions,  we  are  returned  to  tiie 
case  at  tiie  point  where  it  was  left  ioc  further  exploration 
and  reflection. 

A  guided  walk  tiu"ough  of  tiie  type  described  above, 
however,  is  a  poor  imitation  of  tiie  dynamics  of  working 
tiirough  a  TEC.  When  students  go  tiirough  tiiis  type  of 
landscape  on  tiieir  own,  tiiey  take  many  different  patiis 
tiirough  it  They  hit  different  tiiemes  at  different  times, 
based  on  tiieir  exposure  to  tiie  cases.  Themes  and  strands 
become  manifest  tiirough  exposure  and  experience  and 
students  begin  using  tiiem  as  guidmg  filters  in  a  very 
complex  area.  What  does  it  look  like  from  tiiis  perspec- 
tive? How  are  tiiese  two  elements  linked?  This  guided 
reflection  is  valued  and  to  be  promoted. 

It  is  expected  tiiat  tiie  students  have  read  tiie  case 
before  tiiey  come  to  the  class,  along  witii  any  supplemen- 
tar>'  readings.  For  tiiis  TEC,  I  expect  tiiat  tiie  students 
have  also  read  tiie  first  ch^ter  of  tiie  NCTM  standards 
(NCTM,  1989),  gone  tiirough  a  classroom  experience 
aimed  at  developing  tiieir  own  understanding  of  tiie 
content  reflected  in  tiie  case,  and  read  tiie  piece  by  Stan 
Erlwanger  on  hus  conversation  witii  Benny  (Erlwanger, 
1973).  From  tiiese  perspectives  tiie  students  start  cyclmg 
around  the  issues  of  tiie  case. 

Summary 

Technology  enhanced  cases  offer  tiie  possibility  of 
bringing  tiic  student  more  tiioroughly  into  tiic  world  of  tiie 
case.  As  witii  any  use  of  cases,  however,  extreme  care 
must  be  taken  in  tiieir  creation.  The  developer  must  be 
familiar  with  tiie  nuances  of  the  case  and  how  the  main 
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themes  in  this  case  relates  to  other  them^^  in  other  cases. 
If  the  developer  remembers  to  look  careully  at  how 
technology  can  be  used  to  enhance  the  key  themes  of  the 
case  and  articulate  them  thoroughly  -  not  just  throw  in 
features  for  their  "whiz-bang"  effect  -  technology  has 
much  to  offer  both  the  case  designer  and  the  user  of  case 
methods. 
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The  current  reform  movement  in  education,  whicli 
has  been  accelerating  over  the  past  decade,  is 
attempting  to  redefine  the  goals  and  structures  of 
our  educational  systems  in  order  to  meet  the  needs  of  the 
post-industrial/informaaon-oriented  world  of  today  and 
tomorrow.  Much  has  been  written  on  what  our  restruc- 
tured schools  should  be  like  and  how  technology  can  help 
educators  create  teaching  and  learning  environments  that 
are  appropriate  for  learners  who  will  spend  most  of  their 
lives  living  in  the  21st  century  (David,  1991;  Frick,  1991; 
Hefzallah,  1990;  Pearhnan,  1989;  Sheingold,  1991; 
Thomburg,  1992;  U.S.  Department  of  Labor,  1992).  A 
review  of  this  research  reflects  an  increasing  view  that 
schools  will  need  to  change  from  a  didactic  teaching 
^proach  (which  focuses  on  information  transmission 
through  lectures,  student  memorization  of  facts  and  test 
taking)  to  aconsmictivist  model  (in  which  teachers,  in 
their  roles  as  managers  and  facilitators,  promote  active 
learning).  This  kmd  of  learning  becomes  much  more 
individualized  and  meaningful,  with  students  often 
working  collaboratively  with  each  otiier. 

Those  of  us  in  teacher  education  cannot  prepare 
teachers  to  function  in  tiiis  type  of  environment  by  talking 
about  it  We  must  model  tiie  kinds  of  thinking,  communi- 
cation, and  management  skills  that  we  want  tiiem  to  use  in 
tiieir  own  teaching.  This  paper  will  first  identify  some  of 
Uie  essential  element^  of  a  student-centered,  technology- 
rich,  active  learning  environment  that  many  of  today  *s 
reformers  are  insisting  is  necessary  to  prepare  students  for 
a  successful  life  in  die  21st  century.  Then  a  series  of 
questions  will  be  raised  concerning  the  goals  and  structure 
of  the  introductory  preservice  educational  media  and 
instructional  technology  course  taught  at  many  colleges 
and  universities. 

Essential  Eleinents  cf  o  Student-Centerad, 
Technology-Rich,  Active  Learning  Environnnent 

Allan  CoUins  (1991,  pp.  29-31)  identifies  eight  major 
trends  affecting  'earning  in  schools  that  may  result  from 
die  increasing  use  of  computer  technology  in  an  active 
learning  environment  as  opposed  to  a  more  u^itional, 
didactic  one.  These  are: 

1.  More  use  of  small-group  instruction 

2.  A  shift  in  the  teacher*  s  role  from  that  of  a  lecturer  to  a 
coach  GC  facilitator  of  learning 

3.  Increased  interaction  witii  weaker  students 

4.  Students  being  more  engaged  in  leammg 

5.  Student  assessment  based  less  on  test  performance  and 
more  on  products,  progress  and  effort 

6.  A  shift  from  a  competitive  to  a  cooperative  social 

structure 

7.  A  shift  from  all  students  learning  die  same  tilings  to 
different  students  learning  different  tilings 

8.  More  emphasis  on  visual  thinking 
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David  Thornburg  (1992)  envisions  schools  that  allow 
students  to  use  technology  in  creative,  thoughtful  ways. 
Textbooks  are  replaced  by  information-rich  electronic 
resources  that  contain  still  and  motion  pictures,  graphics 
and  sounds.  They  allow  the  learner  to  explore  information 
and  ideas  in  many  different  and  flexible  ways.  With  the 
use  of  newer  digital  technologies  and  hypermedia 
programs,  traditional  written  and  oral  reports  become 
interactive,  multimedia  presentations.  Additionally,  with 
extensive  use  of  teleconununications,  students  are  no 
longer  bound  to  learn  within  the  confines  of  their  school. 
In  Thornburg' s  vision,  accessing  and  sharing  infcraiation 
on  a  global  basis  is  an  on-going  process  in  schools  of  the 
21st  century  (Kurshan,  1991). 

In  Learning  a  Living:  A  SCANS  Report  for  America 
2000  (1992),  the  U.S.  Department  of  Labor  examines  the 
skills  that  young  people  need  to  succeed  in  the  worid  of 
work,  both  today  and  in  the  early  21st  century.  The  kinds 
of  learning  environments  that  will  be  necessary  for 
students  to  learn  these  skills  are  very  different  from  the 
conventional  classroom  in  many  ways  (p.42): 

1.  Teachers  don't  know  all  the  answers  and  there  may  be 
multiple  solutions  to  problems  that  are  presented. 

2.  Students  routinely  work  with  teachers,  peers,  and 
community  members. 

3.  Students  and  teachers  plan  and  negotiate  activities. 

4.  Students  routinely  assess  themselves  and  communicate 
information  to  a  variety  of  audiences,  not  just  the 
teacher. 

5.  Organizing  systems  are  complex  rather  than  having 
one  teacher  with  30  students. 

6.  Various  subjects  are  integrated  into  a  problem  solving 
approach  and  listening  and  speaking  are  fundamental 
aspects  of  learning. 

7.  Thinking  involves  problem  solving,  reasoning  and 
decision  making. 

8.  Students  are  expected  to  be  responsible,  sociable,  self- 
managing  and  resourceful. 

To  prepare  a  person  for  an  effective  life  in  the  21st 
century,  Ibrahim  Hefzallah  (1990,  Ch.2)  would  create  a 
learning  environment  that  is  flexible,  interactive  and  rich 
in  learning  resources.  It  would  be  staffed  by  persons 
(teachers)  who: 

1.  Can  answer  questions  and  question  answers. 

2.  Rejoice  in  discovering  facts  and  learning  new  things. 

3.  Consider  learning  as  a  life-long  jm-occss. 

4.  Are  not  afraid  of  change  and  are  willing  to  examine 
change  carefully  and  objectively. 

5.  Have  articulated  their  values  and  have  compassion 
toward  other  people. 

6.  Respect  all  individuals  and  find  delight  in  communi- 
cating with  other  people. 


If  those  of  us  in  teacher  education  programs  in 
general,  and  media  and  technology  courses  in  particular, 
are  going  to  have  an  impact  on  and  play  an  important  role 
in  the  school  reform  and  restructuring  efforts  now 
happening,  we  will  need  to  incorporate  the  kinds  of 
learning  environments  that  these  writers  are  suggesting 
into  our  own  teaching.  We  will  also  need  to  be  the  kind  of 
persQp  Hefzallah  has  so  eloquently  described. 

Creating  Effective  Learning  Environnnenfs  for 
Pre-Service  Technology  Courses 

There  is  evidence  that  teacher  educators  involved  with 
instructional  technology  are  implementing  some  aspects 
of  the  activist,  constructivist  learning  perspective  that  was 
discussed  in  the  preceding  part  of  this  paper.  At  the  Thiixl 
Technology  and  Teacher  Education  Conference  held  in 
Houston,  Texas  March  12-15,  1992,  several  papers  were 
presented  that  focused  on  current  educational  reform  and 
school  restructuring  efforts  and  their  implications  for 
teacher  education.  Among  these  papers,  those  by  Biglan 
(1992),  Copley  (1992),  Downs  (1992),  Handler  (1992), 
Henderson  (1992),  Stowe  (1992),  Stnidler  (1992)  and 
Whitman  (1992)  have  been  especially  helpful  to  this 
researcher  in  his  continuing  efforts  to  identify  and  answer 
questions  about  the  kinds  of  learning  environments  that 
are  appropriate  to  prepare  preservice  teachers  with  the 
skills  and  attitudes  necessary  to  be  effective  teachers  in 
our  technology  and  information-based  society. 

As  teacher  educators  prepare  for  and  organize  the 
technology-related  component  of  the  preservice  teaching 
experience  (whether  that  be  part  of  a  methods  course  or  a 
separate  media  or  technology  course),  they  need  to 
thoughtfully  develop  and  answer  a  series  of  questions. 
These  relate  to  the  goals,  activities,  structure  and  assess- 
ment procedures  that  will  be  used  and  how  they  might  be 
different  when  designing  a  course  from  a  constructivist 
view  of  learning.  The  following  questions,  reflecting 
some  of  the  ideas  presented  earlier  in  this  paper,  are 
suggested  as  a  starting  point  for  this  endeavor 

•  What  content  should  be  included  in  this  ccMnponent  to 
prepare  preservice  teachers  to  teach  in  schools  of  the 
21st  centi!ry?  (Downs,  1992) 

•  What  "literacy"  skills  should  this  experience  help 
preservice  teachers  to  develop?  (ALA  Presidential 
Committee  on  Information  Literacy,  1989;  Hefzallah, 
1990) 

•  How  important  are  the  goals  of  shaping  attitudes  a^d 
developing  understandings  of  broad  concepts  about 
schools,  learning  and  technology  relative  to  "cover- 
ing" a  prescribed  body  of  content  and  information? 
(Apple  Computing,  1991;  Suudler,  1992) 

•  Is  the  use  of  a  traditional  textbook  appropriate  for  such 
an  experience?  (Thornburg,  1991) 
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•  How  can  this  experience  help  prepare  preservice 
teachers  to  make  decisions  about  solving  real  prob- 
lems? (Copley,  1992;  Hefeallah,  1990) 

•  How  can  cooperative  and  collaborative  learning 
environments  be  effectively  established  and  used? 
(Adams,  Carlson,  Hamm,  1990;  Nattiv,  Winitzky, 
Drickey,  1991;  Johnson,  1991;  Totter,  1991) 

•  What  are  desirable  behaviors  for  higher  education 
faculty  to  model  for  preservice  teachers  that  would 
prepare  them  for  using  technology  in  active  learning 
environments?  (Hunkins,  1987;  Handler,  1992; 
Whitman,  1992) 

•  How  do  we  help  students  adjust  to  and  accept  the  roles 
of  an  active,  collaborative,  problem-solving  learner, 
who  has  much  more  responsibility  for  making  deci- 
sions than  students  traditionally  have  had  in  the  past? 
(Nattiv,  Winitzky,  Drickey,  1991) 

•  What  kinds  of  technology-related  experiences  can  best 
be  done  outside  the  higher  education  classroom  and 
how  could  such  activities  be  implemented?  (Biglan, 
1992) 

•  What  kinds  of  assessment  and  evaluation  procedures 
are  appropriate  for  active  learning  environments? 
(Thomburg,  1991) 

In  seeking  answers  to  these  questions,  we  may  be  able 
lo  create  a  learning  environment  for  our  teachers  that 
reflects  Albert  Shanker's  perspective  on  learning,  that . 
.for  most  of  us,  the  best  way  of  learning  is  by  doing,  by 
making  and  unmaking  something,  solving  problems  and 
investigating  for  ourselves  the  answers  to  questions  we 
are  made  to  care  about."(Pearhnan,  1989,  p  14) 
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F)r  the  past  several  years,  professors  of  methods 
courses  at  Governors  State  University  south  of 
Chicago  have  been  teaching  the  courses  in  area 
public  schools.  The  theory  behind  this  was  that  preservice 
teachers  (PST)  need  not  only  to  have  experience  with 
elementary  students,  but  also  to  allow  professors  opportu- 
nities to  present  demonstration  lessons  in  real  settings 
with  real  students  at  varymg  grade  levels.  In  this  way, 
preservice  teachers  can  get  a  sense  of  what  schools  and 
elementary  students  are  really  like  before  student  teach- 
ing. These  experiences  may  or  may  not  be  models  of  the 
best  professional  practices,  but  even  poor  examples  can 
contribute  to  knowledge  of  what  one  does  not  wish  to 
emulate. 

Practices  in  the  above-mentioned  methods  course  have 
been  refine  over  several  years  based  on  course  evaluations 
and  observations.  When  the  program  first  began,  students 
spent  many  hours  working  with  small  groups  in  the  back 
of  the  classrooms.  When  classroom  teachers  had  difficulty 
with  the  group  in  the  back  disturbing  the  others  by 
"having  fun,"  the  groups  were  asked  to  move  to  the 
school  library  or  the  room  in  which  the  methods  class  was 
held.  This  solved  one  problem  and  created  another.  While 
the  distraction  was  gone  from  the  regular  classroom,  the 
interaction  of  the  classroom  teacher  and  the  PST  dunm- 
ished  or  disappeared.  By  the  end  of  the  semester,  the 
classroom  teachers  viewed  the  small  groups  as  an 
intrusion  to  their  regular  instruction  and  as  another  puUout 
program.  The  teachers*  evaluation  of  the  program  at  the 
end  of  the  semester  was  blistering. 

With  the  help  of  practicing  teachers,  the  program  was 
refined  to  the  mutual  benefit  of  the  teachers,  the  PSTs, 
and  the  university  faculty.  Instead  of  pulling  small  groups 
out  of  classes,  entire  classes  were  invited  into  the  methods 
classroom  or  the  PSTs  went  to  visit  the  regular  classroom. 
The  professor  presented  a  10-15  minute  demonstration 
lesson  followed  by  small  group  sessions  taught  by  the 
PSTs.  Classroom  teachers  were  encouraged  to  observe 
individuals  CfC  small  groups  of  students,  pick  up  some  new 
teaching  ideas,  or  to  discuss  the  teaching  of  particular 
topics  with  the  professor  while  the  small  group  instrucuon 
progressed. 

Computer  Infusion 

By  the  time  PSTs  get  to  the  methods  courses,  they 
must  have  taken  a  course  which  combines  computer 
literacy  and  the  use  of  computers  in  the  classroom. 
However,  they  lack  experiences  in  the  application  of  these 
ideas  with  real  children.  In  order  to  provide  this  practical 
experience  and  to  demonstrate  the  infusion  of  computers 
into  instruction,  five  computers  were  loaned  to  the  school 
by  the  university.  This  was  done  not  only  to  have  comput- 
ers available  for  PST  and  professors'  use,  but  to  provide 
additional  resources  for  the  classroom  teachers  due  to  the 
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lack  of  school  resources.  The  number  of  computers  in  t'le 
school  of  over  800  students  was  more  than  doubled.  Due 
to  the  ratio  of  students  to  computers  and  the  low  income 
of  the  majority,  most  students  have  bad  little  computer 
experience.  In  addition,  few  teachers  on  the  staff  have  had 
any  experience  with  computers,  especially  as  educational 
tools.  Therefore,  the  methods  professors  volunteered  to 
provide  computer  literacy  training  for  teachers  with  an 
emphasis  on  process  and  application. 

The  methods  classes  meet  two  days  a  week  in  the 
classroom  which  houses  the  computers  on  loan.  Software 
is  also  being  loaned  to  the  school  to  supplement  their  very 
limited  selection.  The  other  three  days  the  computers  are 
available  foe  teachers  to  use  with  their  students  or  to 
experiment  and  practice  on  their  own.  The  computers  are 
even  used  after  school  for  small  group  enrichment  and 
remediation  in  a  district  program  entitled  Project  Extra. 

The  main  reason  for  taking  the  computers  out  to  the 
school  was  to  model  the  use  of  computer-based  and 
computer-aided  experiences  for  PSTs  (Munday, 
Windham,  &  Stamper,  1991).  In  this  way,  the  PSTs  could 
become  directly  involved  in  applying  the  model  to  their 
choice  of  instructional  modalities  when  faced  with  the 
task  of  designing  lessons.  Trying  these  lessons  with  real 
children  provides  an  eye-opening  experience  in  planning 
and  adapting  to  the  real-world  problems  encountered 
when  the  hardware ,  the  software,  or  the  students  don't 
behave  as  expected. 

incorporoting  Process-Cantdred  Activities 

In  process-centered  learning,  the  computer  is  used  as  a 
tool,  rather  than  as  a  tutor  or  tutee  (Taylor.  1980).  The 
students  create  or  manipulate  their  own  materials  rather 
than  passively  absorb  the  tfaditional  teacher-disseminated 
information, 

Fillebrown-DiDomenico  (1992),  in  discussing  a 
process-centered  computer-integmted  science  plan  stated: 
The  nature  of  many  of  these  technology-based 
activities  encourages  students  to  respond  and  react  to  a 
wide  range  of  traditional  non-technology  skills.  These 
skills  include  research  skills  and  cooperative  learning, 
. .  .  problem  solving  strategies,  creativity,  sequencing 
skills,  and  data  collection  and  organization ...  to  name 
afew.  (p.  21) 

Other  process  skills  which  ought  to  be  considered  are 
decision  making,  discovery  learning,  and  critical  thinking. 
These  kinds  of  skills  cross  over  subject  matter  boundaries, 
since  they  can  be  used  in  most  cuniculum  areas.  The  use 
of  activities  which  foster  the  above-mentioned  skills 
allows  tlie  teacher  to  use  time  more  efficiently,  since 
language  activities  such  as  writing  are  combined  with 
mathematics,  science,  or  social  studies. 


Mathematics  Activities 

Logo  Writer  is  used  as  a  vehicle  for  discussing  ways  of 
teaching  elementary  geometry  concepts.  PSTs  are 
encouraged  to  go  beyond  creating  the  simple  regular 
polygons  frequently  associated  with  LOGO.  By  rotating 
common  polygons,  many  new  figures  can  be  created,  such 
as  flowers,  pihwheels,  or  stars.  Similarly,  conmion 
polygons  can  be  combuied  in  superprocedures  to  create 
scenes  from  everyday  life.  Students  are  then  encouraged 
to  write  about  the  scene  they  have  created. 

Elementary  students  often  have  difficulty  identifymg 
plane  figures  whose  bases  are  not  sitting  horizontally. 
PSTs  are  asked  to  create  screens  which  show  plane 
figures  in  different  orientations.  The  shapes  are  drawn  to 
be  the  same  size  as  pattern  blocks.  The  screens  are  then 
printed  out.  PSTs  work  with  elementary  students  and  the 
printed  screens  to  match  the  block  to  iiie  outline  on  the 
sheet  of  paper  and  name  the  shape. 

Patterns  can  .  e  easily  created  with  the  use  of  the 
stamping  feature  of  LogoWriter.  Children  enjoy  changmg 
the  shape  of  the  turtle  and  stamping  these  shapes  across 
the  screen.  By  jninting  these  out  usmg  PRINTSCREEN, 
students  can  attempt  to  stump  their  neighbors  by  asking 
them  to  figure  out  what  the  pattern  is  or  what  shape  would 
come  next.  The  same  kind  of  activity  can  be  accom- 
plished with  the  stamps  in  KidPix  without  as  much 
programming  skill  as  that  required  for  LogoWriter. 

Science  Activities 

The  process-centered  activities  used  in  the  science 
methods  course  focus  on  the  use  of  the  computer  as  an 
organizational,  planning,  data-gathering  and  manipulat- 
ing, and  communicating  tool.  The  emphasis  in  the  course 
is  on  the  use  of  science  process  skills,  higher  order 
thinking  skills,  and  the  development  of  science  concepts 
from  actual  hands-on  experiences.  The  computer  activi- 
ties are  molded  around  this  emphasis. 

An  example  of  the  activities  used  is  the  use  of  grade- 
level  teams  which  ate  established  to  work  with  the 
cooperating  teachers  at  the  school.  Teams  are  asked  to 
use  a  word  processing  program  to  aeate  a  lesson  plan  for 
use  in  teachmg  a  science  lesson  to  a  classroom  in  their 
grade.  They  are  to  base  their  lesson  on  science  experi- 
ences they  have  had  in  the  methods  course.  They  have 
previously  used  the  word  processor  to  record  their 
observations,  procedures,  data,  and  reflections  on  those 
experiences.  When  they  have  finished  the  basic  plan,  it  is 
reviewed  by  the  professor  who  makes  conunents  using  the 
word  processor.  Before  receiving  final  approval,  the  PSTs 
use  desktop  publishing  or  otiier  programs  to  create  data 
collection  sheets,  worksheets,  or  otiier  embellishments  to 
their  hands-on  lessons. 

Another  activity  combines  steps  in  experimental 
procedures  with  the  cut  and  paste  commands.  Procedures, 
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scientific  problem  solving  methods,  or  sequential  science 
content  data  are  created  and  then  presented  as  a  word 
processing  document  with  the  set  of  instructions  out  of 
order.  The  PSTs  use  cut  and  paste  commands  to  put  them 
in  the  proper  sequence.  Then  they  are  to  create  their  own 
sequences  for  use  by  others  in  the  methods  class. 

Other  activities  involve  use  of  the  computer  as  a 
microcomputer-based  laboratory  to  gather  real  data  such 
as  temperature,  speed,  pulse  rate  using  interfaced  equip- 
ment. These  activities  are  designed  to  help  inaease 
understanding  of  basic  science  concepts  which  prospec- 
tive science  teachers  should  know  (Vitale  &  Romance, 
1992). 

Social  Studies  Activities 

The  activities  thai  the  PSTs  use  in  Social  Studies 
methods  serve  several  purposes.  One  is  to  provide  a  tool 
that  can  reflect  the  Uemendous  expansion  of  content  in 
the  curriculum,  and  the  other  is  to  liberate  teachers  from 
some  of  their  management  duties.  Searching  and  reading 
informaUon  in  databases,  creating  databases  from  current 
data,  and  using  the  computer  to  modify  outdated  material 
in  textbooks  are  some  of  those  activities.  The  PSTs  are 
asked  to  create  databases  about  the  local  school  the  class 
with  which  they  are  working,  the  neighborhood,  commu- 
nity, and  other  elements  of  real  life  that  are  relevant  to  the 
students.  Since  the  PSTs  are  predominantly  Caucasian  and 
the  students  with  whom  they  are  working  are  predomi- 
nantly African- American,  these  databases  provide  means 
of  comparison  with  their  home  communities  or  other 
school  experiences.  They. are  then  expected  to  use  the 
databases  as  part  of  lesson  plans. 

The  PSTs  and  the  cooperating  teachers  are  beginning 
to  use  computers  to  create  lesson  plans,  word  searches, 
and  bulletin  board  materials.  They  are  also  taking  a  more 
critical  look  at  the  commercial  software  to  evaluate  it  for 
possible  use.  PSTs  have  designed  posters  and  signs  to 
enhance  the  insttuction  of  the  small  groups  of  children 
with  whom  they  are  working  in  Social  Studies. 

Integrated  Activities 

Perhaps  the  greatest  benefit  of  the  process-ceitered 
approach  is  ability  of  students  to  use  the  process  skills 
across  the  curriculum.  Thus,  integrated  units  lend  them- 
selves especially  well  to  the  incorporation  of  process 
skills.  An  example  of  this  type  of  unit  are  the  M  &  Ms 
activities  which  have  become  a  staple  in  many  subjects 
(Niess,  1992).  These  cover  such  topics  as  data  collection, 
graphing,  classification,  probability,  and  predicting. 

PSTs  are  asked  to  view  the  program  Woolly* s 
Garden.  They  then  aeate  an  integrated  unit  using 
Hopkins'  (1992)  "Working  with  Woolly"  as  a  model. 
This  unit  must  reflect  student  involvement  in  process- 
oriented  activities  with  connections  in  mathematics, 


science,  and  social  studies. 

The  impact  of  such  process  oriented  activities  on  the 
subsequent  use  of  technology  in  the  classroom  by  PSTs 
and  the  cooperating  teachers  will  not  be  known  for  some 
time.  While  formal  evaluation  is  underway,  it  is  difficult 
to  quantify  the  number  of  'Teach  me  bow  to  do  this" 
requests  that  occur  each  day. 
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Introduction 

One  of  the  early  expectations  for  the  adoption  of 
the  microcomputer  in  schools  was  that  it  would 
free  the  teacher  to  have  time  to  perform  more 
direct  instruction  with  students  as  well  as  providing 
instructional  assistance.  The  microcomputer  offered  the 
teacher  a  tool  that  would  store,  retrieve,  and  print  the 
daily  information  needed  in  a  typical  educational  setting. 
The  notion  of  the  microcomputer  as  a  tool,  tutor,  and  tutee 
reflected  this  integration  of  the  microcomputer  as  a  device 
to  manage  and  direct  information.  Business  has  long 
understood  this  concept  of  information  management.  The 
business  worker  needs  prompt  access  to  data  sources, 
needs  to  be  able  to  store  new  infonnation  as  it  becomes 
available,  and  needs  to  be  able  to  integrate  these  sources 
to  produce  reports,  summaries,  etc.  How  different  is  the 
role  of  the  educator? 

The  state  of  California  recognized  this  need  when  it 
passed  legislation  requiring  every  teacher  to  be  able  to 
employ  a  microcomputer  to:  show  competency  in 
application  packages  (including  word  processing, 
spreadsheets,  data  base  managers,  graphics,  and  commu- 
nications) and  instnjctional  productivity  software  (includ- 
ing test  construction,  record  management,  instructional 
material  design).  The  International  Society  for  Computers 
in  Education  (ISTE,  1991)  also  recognized  this  when  they 
identified  three  of  their  12  entry-level  co.npetencies 
directly  corresponding  to  this  issue.  These  ihree  are: 
-  demonstrate  knowledge  of  uses  of  computers  for 
problem  solving,  data  collection,  information  manage- 
ment, and  decision  making. 

•  be  skilled  in  using  productivity  tools  for  professional 
and  personal  use,  including  word  processing,  database, 
spreadsheet,  introductory  desktop  publishing,  and 
print/gr£q)hic  utilities. 

•  use  computer-based  technologies    a  rcess  iniomla- 
tion  to  enhance  personal  and  professional  productivity. 

Many  educators  have  called  for  revisions  in  the 
technological  training  of  teachers  (Hess,  1992;  Corey, 
1991;  Young,  1991;  FuUon,  1988).  Each  of  these  writers 
has  described  the  type  of  training  needed  by  preservice 
and  inservice  educators,  and  each  has  included  a  module, 
similar  to  ISTE's  and  the  state  of  California's.  According 
to  each  of  these  writers,  training  must  include  the  use  of 
personal  as  well  as  professional  productivity  software  (as 
well  as  their  application).  Typically,  these  types  of 
software  include  spreadsheets,  databases,  conmiunication 
packages,  word  processors,  and  graphic  creation  pro- 
grams. 

How  well  have  we  done?  A  quick,  infomal  survey  of 
ten  teacher  education  universities  in  the  Southwest,  West, 
and  Midwest  found  that  all  ten  had  a  course  in  computer 
applications  for  teachers.  Each  of  the  universides  pro- 
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vided:  (l)a  general  unit  in  computer  applications  and 
instructional  software,  (2)  a  personal  sqjplication  unit  that 
included  word  processing,  databases,  and  spreadsheets 
and  (3)  instruction  in  computer  systems  and  hardware. 
This  is  where  the  similarities  ended.  Four  of  the  ten  taught 
a  unit  in  programmmg  (three  in  BASIC,  one  in  Logo), 
seven  of  the  schools  taught  the  courses  on  Apple  lie or 
Apple  Ilgs's,  two  wa-e  exclusively  Macintosh,  one  was  on 
either  a  Afacmto^/i  or  DOS-based  system.  When  asked 
about  the  personal  and  professional  ptoductivity  units 
each  indicated  that  they  used  an  integrated  package  to 
train  their  students:  seven  used  Appleworks  and  three  used 
Microsoft  Works,  When  asked  whether  colleagues  in  other 
programs,  content  and  methodologies,  taught  computer 
applications  in  jwofessional  and  personal  productivity, 
nine  replied  that  some  did,  but  only  on  a  limited  basis, 
while  one  expressed  full  confidence  that  students  did  not 
receive  any  additional  instruction  on  the  topic. 

A  recent  report  by  the  Department  of  Education  in 
Arizona  (1992)  details  the  type  of  microcomputer 
equipment  in  use  in  the  schools.  Nearly  70%  of  the 
schools  relay  heavUy  upon  Apple  /fs  or  older  machines. 
Nearly  two-thirds  of  the  remaining  schools  relay  upon 
Macintosh  systems,  the  rest  employ  some  type  of  DOS- 
based  system.  While  there  is  no  report  upon  the  availabil- 
ity or  type  of  platform  used  direcUy  by  teachers,  one  must 
assume  that  it  tends  to  parallel  the  percentages  reflected  in 
the  school  report. 

Downs  (1992)  reports  that  schools  of  education  must 
be  prepared  to  train  teachers  to  meet  the  technology  needs 
of  the  21st  century.  This  theme  is  echoed  by  Hess  (1992) 
and  Weizel  (1992)  as  well.  Yet,  except  for  a  lunited 
perspective,  all  three  focus  upon  the  application  of  the 
microcomputer  for  instructional  assistance,  not  in  the 
development  of  personal  and  professional  competencies. 
It  appears  that  one  significant  feature  of  ad^ting  any  new 
innovation,  the  personalization  of  it,  is  lacking  in  most 
U-aining  programs.  Teachers,  if  they  are  going  to  truly 
reap  the  benefits  from  technology,  must  make  that 
technology  theirs.  As  Young  (1991)  notes,  teachers  must 
learn  to  employ  the  technology  avaUable  to  them  as 
readily  as  they  might  employ  a  pencil. 

Why  are  teachers  not  employing  this  tool  to  ease  their 
work  loads?  Perhaps  it  is  as  Handler  and  Marshall  (1992, 
p.  387)  suggest:  "The  sense  of  feeling  prepared  through 
one's  program  to  use  computers  in  the  instructional 
process  appears  to  also  impact  on  the  degree  to  which 
new  teachers  actually  use  the  computers  in  their  class- 
rooms." Perhaps  the  same  mav  also  be  said  of  inservice 
teachers  as  well.  Preparation  and  familiarity  are  critical 
for  anyone  to  successfully  adapt  new  innovations. 
FamiUarity  does  not  breed  contempt;  it  breeds  under- 
standing and  actualization. 


Changing  a  Perspective 

It  is  time  that  teacher  educators  and  inservice  trainers 
ceased  training  their  students  and  faculty  on  antiquated 
architecture  and  under-powered  software.  ISTE's  (1991) 
accreditation  standards  use  the  phrase  "...be  skilled  in...". 
To  be  skilled  in  something  means  more  than  being  able  to 
write  letters  with  word  processors,  use  single  table  flat- 
field  databases,  and  to  do  two  variable  operations  on  a 
spreadsheet  These  skills  cannot  be  honed  or  refined  m  a 
single  course  of  study,  particularly  if  the  concept  and 
application  is  introduced  at  tt  is  level.  Opportunity  and 
encouragement  must  be  provided  from  all  teacher 
educators  to  facilitate  the  development  of  competence  and 
comfort  with  the  software  aiul  hardware. 

Professional  Productivity 

What  is  personal  and  professional  productivity 
software?  Perhaps  it  would  be  just  as  easy  to  talk  about 
personal  applications  of  hardware  and  software.  Generally 
speaking,  for  the  business  world,  a  primary  setup  system 
would  include  conununicaiion,  data  analysis,  information 
organizers,  and  graphic  presentation  software.  This  differs 
little  for  the  educator.  The  educator  needs  tools  that  will 
help  them  to  compile,  synthesize,  and  utilize  the  informa- 
tion they  gather  on  students.  In  addition,  software  should 
be  utilized  that  helps  the  teacher  organize  present,  and 
monitor  instruction.  This  is  the  type  of  productivity 
software  that  the  educator  should  become  adept  with  and 
it  is  the  type  they  should  see  modeled  in  their  training. 
Without  modeling  the  possibilities  of  students  adapting, 
their  use  is  lessened  considerably  (Johns,  1991). 

Word  Processors 

Beyond  a  doubt,  most  of  us  understand  the  importance 
of  using  some  type  of  a  wwd  processor.  At  the  productiv- 
ity level  necessary  in  the  education  world  a  requLement  is 
a  full  function,  professional  class  word  processor.  A 
professional-class  is  the  choice  of  many  because  of  all  its 
extras.  Not  only  is  a  professional-class  word  processor 
capable  of  the  standard  word  processing  activities,  such  as 
formatting,  spell  checking,  and  multiple  types  and  fonts,  it 
is  also  capable  of  a  multitude  of  additional  functions.  For 
example,  tables  should  be  easily  built,  it  should  be  able  to 
produce  multiple  colmnns,  and  mathematical  operations 
should  be  possible  on  columns  of  numbers.  Additional 
functions  include  the  ability  to  read  database  files  for  mail 
merging,  building  indexes  and  building  tables  of  contents. 
Add  to  this  a  built-m  thesaurus  the  capacity  to  work  with 
windows  into  different  sections  of  the  same  document  or 
different  documents  at  the  same  time,  as  well  as  the 
abiUty  to  directly  import  graphics  and  charts  mto  the 
document  and  you  really  begin  to  get  an  idea  of  the  full 
range  of  abilities  of  a  professional-class  word  p/ocessor. 
Most  of  the  major  word  processors  available  today  are 
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capable  of  performing  these  tasks.  Unfortunately,  reliance 
on  antiquated  or  less  than  full-function  word  processors 
prevents  our  students  from  gaining  experience  and 
capability. 

Spreadsheets 

The  analysis  of  data  really  lakes  place  at  two  levels  in 
the  academic  world  (and  business,  as  well).  The  first  level 
is  the  need  to  organize  and  display  numeric  data;  the 
second  is  the  analysis  of  data.  Operations  at  the  first  level 
also  include  the  ability  to  create  graphic  representations  of 
the  data.  For  most  teachers  the  use  of  an  electronic 
spreadsheet  will  accomphsh  these  first  level  activities. 
The  spread'  heet  allows  the  user  to  organize  infcraiation 
as  diverse  as  graderolls,  test  results,  homework,  and 
performance  assessment.  The  user  may  also  calculate 
summative  scores  for  students,  analyze  test  results,  print 
gr^hics,  maintain  student  records,  review  trends,  etc. 

Spreadsheets  resemble  electronic  versions  of  an 
accountant's  ledger  sheet — empty  rows  and  columns.  The 
unfwtunate  part  of  the  use  of  spreadsheets  is  that  the  user 
must  design  the  input  format  and  operations  to  be 
performed  by  the  spreadsheet  and  this  takes  training  and 
modeling  by  teacher  educators.  The  newer,  more  power- 
ful spreadsheets  allow  the  user  to  link  information 
contained  on  one  spreadsheet  to  information  contained  on 
another.  This  linking  action  gives  the  user  the  capacity  to 
literally  build  a  relational  spreadsheet,  with  each  sheet  (or 
page)  containing  its  own  information,  but  linked  to  related 
sheets  or  summary  sheets,  where  the  information  is 
compiled  for  reporting. 

Databases 

The  third  element  in  a  personal  productivity  package 
is  the  management  of  data  or  information  through 
packages  called  database  managers.  The  database 
manager  may  be  no  more  complicated  than  an  electronic 
cardfile  or  it  may  be  as  ccnnplicated  as  the  retrieval 
system  used  in  a  library  for  literature  searches.  Businesses 
place  more  emphasis  upon  data  management  than  most  of 
us  in  education  would,  yet  many  of  us  maintain  (or  need 
to  maintain)  fairly  detailed  records  —  from  student  grades 
to  mailing  lists  for  support  and  advisoiy  groups. 

The  purpose  of  the  database  is  to  present  the  informa- 
tion in  some  organized  fashion.  Rat-field  databases  are 
quite  satisfactory  for  maintaining  individual  class 
information,  but  can  get  extremely  difficult  to  handle  if 
the  file  contains  information  for  several  classes  and 
information        personal  data  of  the  students  and  their 
parents.  A  thorough  database  should  permit  easy  entry  of 
information,  quick  and  comprehensive  searches  of 
information,  the  ability  to  print  reports  of  subsets  of  the 
information,  and  the  ability  to  export  selected  parts  of  the 
data  to  word  processors  for  merging.  Just  a  few  years  ago 


the  use  of  relational  databases  seemed  beyond  the  skiU 
and  fiscal  ability  of  most  educators.  Today,  the  databases 
on  the  market  are  fuU-fimction,  relational,  and,  relatively 
spcakuig,  quite  reasonable  in  their  cost  A  relational 
database  permits  the  linking  of  related  tables  of  data.  Each 
element  within  the  database  may  be  Imked  to  related 
information  contained  in  other  tables.  Reports,  summa- 
ries, or  searches  may  be  instituted  through  the  use  of  the 
linking,  thereby  permitting  the  searcher  to  locate  or 
summarize  critical  elements. 

One  of  the  strengths  of  the  database  system  is  the 
ability  to  select  elements  for  exporting  to  a  word  proces- 
sor. Through  the  use  of  tlie  word  processor's  mail  merge 
facility  individual  reports  for  each  student  can  be  printed. 
Using  a  full-function  word  processor  also  permits  a 
graphic  or  picture  to  be  imported  to  the  word  processor. 
As  the  database  has  grown  in  strength  so  has  the  ability  to 
make  use  of  its  features  for  educatcHS.  The  current 
movement  in  the  evaluation  field  to  utilize  portfolio 
assessment  is  such  an  example.  While  several  programs 
exist  on  the  software  market  that  purport  to  be  portfolio 
packages,  their  current  limitations  outweigh  their  effec- 
tiveness. Yet,  with  the  newer  databases'  capacity  to  store 
scanned  information,  it  is  within  the  ability  of  most 
educators  to  develop  their  own  portfolio  models. 

Graphics  Packages 

The  newest  member  of  the  productivity /information 
management  team  are  the  graphic  presentation  packages. 
There  once  was  a  time  when  a  package  such  as  Printshop 
was  considered  the  extent  of  training  a  pre-service  teacher 
needed  in  graphics.  This  is  no  longer  true.  Graphics 
presentation  software,  design  software,  and  painting 
software  provide  the  user  many  more  oKX)rtunities  today. 
The  packages  permit  the  user  to  aeate  complex  (kesigns, 
to  CTcate  electronic  slide  shows,  to  paste  or  export  pictures 
to  documents,  etc.  The  use  of  a  graphics  package  is 
limited  only  by  the  expectations  of  die  user.  However,  if 
the  user  has  never  experienced  the  software,  or  never  seen 
it  utilized  in  a  class  or  as  part  of  instruction,  then  there  are 
no  expectations.  The  key  to  integrating  die  higher  level 
skills  provided  the  user  through  graphics  packages  is  in 
their  use  and  application  by  teacher  educators. 

Summary 

The  use  of  computers  has  come  a  long  way  in  die  last 
ten  years.  We  know  and  acknowledge  tlie  word  processor 
as  a  major  change  in  our  personal  practices,  but  have  yet 
to  integrate  the  other  elements  of  productivity  beyond  a 
superficial  level.  The  scary  part  is  that  technology  and 
software  wait  for  no  one.  Two  years  from  now  the 
software  that  we  call  state-of-the-art  will  be  state-of-the- 
past.  The  equipment  we  use  today  will  be  considered  slow 
and  outdated.  While  educators  do  not  need  to  be  the  users 
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of  cutting  edge  technology,  we  must  not  allow  ourselves 
to  continue  to  use,  or  be  satisfied  with,  out  of  date 
software  and  out  of  date  equipment.  Modem  reporting 
and  competency  movements  in  education  are  beginning  to 
demand  that  we  maintain  and  make  available  all  the 
information  used  to  make  decisions  about  our  students. 
We  will  need  to  employ  the  technology  available  in  order 
to  add  this  duty  to  our  already  full  schedule  of  duties  and 
activities.  This  require  additional  training  from  teacher 
training  institutes  and  additional  modeling  from  teacher 
educators  and  in-service  trainers.  Without  this  training 
and  modeling,  teachers  will  simply  fall  victim  to  the 
information  glut  and  will  be  unable  to  meet  the  demands 
placed  upon  them. 

References 

Arizona  Department  of  Edcuation  (1992) .  Report  on  Computer 

Use  in  the  Schools.  Phoenix,  AZ. 
Corey,  S.  (1991).  Technology  in  schools:  Who'll  provide  the 

leadership?.  Computers  in  the  Schools,  8,  pp.  27-43. 
Downs,  E.  (1992).  In  D.  Carey,  R.  Carey,  D.A.  Willis,  and  J. 

Willis  (eds.)  Technology  and  Teacher  Education  Annual 

1992.  (pp.  83-85).  Charlottesville,  VA:  Association  for  the 

Advancement  of  Computing  in  Education. 
Fulton,  K.  (1988).  Preservice  and  inservice:  What  must  be  done 

in  both.  Electronic  Learning,  10,  pp.  32-33. 
Handler,  M.  and  Marshall,  D.  (1992).  Preparing  new  teachers  to 

use  technology:  One  set  of  perceptions.  In  D.  Carey,  R. 

Carey,  D.A.  Willis,  and  J.  Willis  (eds.)  Technology  and 

Teacher  Education  Annual  1992.  (pp.  386-388). 

Charlottesville,  VA:  Association  for  the  Advancement  of 

Computing  in  Education. 
Hess,  R.K.  (1992).  A  new  model  of  computers  and  technology 

in  education.  In  D.  Carey,  R.  Carey,  D.A.  Willis,  and  J. 

Willis  (eds.)  Technology  and  Teacher  Education  Annual 

1992.  (pp.  144-147).  Charlottesville,  VA:  Association  for  the 

Advancement  of  Computing  in  Education. 
ISTE  Accreditation  Committee  (1991).  Accreditation  Standards 

for  Educational  Compi'Mng  and  Technology  Preparation 

Programs.  Eugene,  OR:  International  Society  for  Technol- 
ogy in  Education. 
Kelly,  M.,  Harris,  S.  and  Shelton,  M.  ( 1990).  Computer-based 

technologies  in  teacher  education:  Implementing  AB1681. 

Journal  of  Computing  in  Teacher  Education,  6,  pp.  13-20. 
Wetzel,  K.  (1993).  In  D.  Carey,  R.  Carey,  D.A.  WiUis,  and  J. 

WiUis  (eds.)  Technology  and  Teacher  Education  Annual 

1992.  (pp.  148-150).  Charlottesville,  VA:  Association  for  the 

Advancement  of  Computing  in  Education. 
Young,  E.B.  (1991).  Empowering  teachers  to  use  technology  m 
their  classrooms.  Computers  in  the  Schools,  8,  pp  143-145. 

Robert  K.  Hess  is  an  Assistant  Professor  of  Education, 
Education  Program,  Arizona  State  University  West, 
Phoenix,  AZ8S023  BITNET:  ATRTH@ASUACAD 


360  Technology  ond  Teocher  Education  Annual  — 1993 


ERIC 


Modeling  instructional 
change  using  interactive 
nnultimedia  In  teacher 

training 

LaMont  Johnson 
University  of  Nevada,  Reno 

Steven  Harlow 
University  of  Nevada,  Reno 


The  central  thesis  of  this  paper  is  that  interactive 
multimedia  presents  a  unique  OKX)rtunity  to 
recast  the  teaching  and  learning  process  and,  in  so 
doing,  provide  an  alternative  paradigm  to  the  traditional 
model.  To  facilitate  this  process,  it  is  necessary  that 
teacher  educators  be  willing  to  experiment  with  this  new 
technology  in  their  own  teaching  efforts.  Unless  prospec- 
tive teachers  see  such  technology  in  action,  they  will  be 
reluctant  to  incorporate  it  in  their  own  classrooms.  We 
believe  that  if  teacher  educators  are  willing  to  experiment 
and  explore  new  technology,  it  will  then  have  a  trickle- 
down  effect  and  eventually  influence  the  teaching 
practices  in  our  schools. 

Spiro  and  Jefaring  (1990),  in  writing  about  hypertext, 
hold  that  "Traditional  methods  of  instruction  rely  on 
linear  media  (e.g.,  textbooks  and  lectures)."  The  linear 
approach  may  be  seen  as  a  way  of  sequencing  information 
in  an  order  from  a  beginning  point  to  an  end  point.  Early 
content  must  precede  later  content  in  order  for  the 
relationships  to  be  seen  and  understood.  Generally,  linear 
methods  of  instruction  proceed  in  a  step-by-step  manner. 
The  assumption  of  most  linear  approaches  is  that  funda- 
mental material  needs  to  be  understood  by  the  learner 
before  complex  material  can  be  explored.  Traditionally, 
instruction  has  been  linear  because  teachers  were  limited 
to  speaking  and  reading  formats  that  are  linear  by  nature. 
Also,  the  linear  approach  brings  an  order  that  offers  a 
sense  of  security  for  the  teacher  and  the  learner.  This  very 
security,  however,  has  some  disadvantages. 

The  major  disadvantage  of  the  linear  approach  is  the 
rigidity  it  imposes  on  the  learning  environment.  Dewey 
(1916),  however,  viewed  education  as  the  confrontation 
of  problems.  Problems,  in  fact,  usually  cannot  be  con- 
tained in  a  linear  mode.  Problems  occur  in  a  context  of 
interrelated  facts  and  events.  In  any  context  there  is  an 
inlerconnecledness  of  various  events  and  forces.  Good 
problem  solving  requires  flexibility  to  explore  many 
options.  Rigidity  limits  options,  while  flexibility  broadens 
options.  In  real  life,  most  problems  cannot  be  solved  in  a 
prescribed  slep-by-slep  fashion,  nor  can  they  be  solves  jy 
merely  consulting  a  textbook  or  notes  from  a  lecture. 

As  we  have  pointed  out,  the  linear  model  has  been 
dominant  in  education  because  of  our  lack  of  a  methodol- 
ogy to  present  informaticHi  in  modes  that  are  not  linear. 
With  the  advent  of  interactive  multimedia,  we  now  have 
ways  of  presenting  information  in  different  and  more 
interactive  manners.  Interactive  learning  situations  peraiit 
the  student  to  be  placed  in  an  active  role  in  the  learning 
context.  In  the  linear  model,  the  learner  is  in  a  more 
passive  and  receptive  role;  the  Icamer  is  to  acquire  the 
content  in  the  prescribed  order.  In  the  interactive  mode, 
the  learner  is  able  to  explore  relevant  information  sources 
much  as  a  navigator  traversing  an  unknown  domain. 
If  tecIiDOAogy  is  to  chan:;e  education,  dramatic  shifts 
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in  the  way  we  conceptualize  teaching  and  learning  must 
take  place.  As  pointed  out  in  our  introductory  paragraph, 
our  position  is  that  if  such  dramatic  shifts  are  to  take 
place,  they  must  begin  at  the  level  of  teacher  training.  As 
teacher  educators,  we  must  realize  that  we  can't  teach  the 
interactive  paradigm  inrough  the  linear  paradigm.  When 
we  teach  through  die  linear  paradigm,  we  are  essentially 
modeling  the  linear  paradigm.  If  we  want  to  model  the 
interactive  paradigm,  we  must  teach  through  the  interac- 
tive paradigm.  Prospective  teachers  learn  their  craft  in 
two  ways.  First,  they  must  see  examples  by  masters. 
Second,  they  must  have  the  opportunity  to  use  and 
experiment  with  different  forms  of  pedagogy. 

Many  reasons  can  be  identified  that  prevent  us  from 
modeling  new  technology  and  pedagogy  like  interactive 
multimedia.  A  primary  reason  is  that  it  is  hard  for  us  to 
break  out  of  our  comfort  zones,  and  our  comfort  zones 
tend  to  be  rather  linear.  We  must  remember,  however,  that 
our  students  will  face  the  same  problem.  The  point  is  that 
the  cycle  must  be  broken  somewhere,  and  that  somewhere 
needs  to  be  in  the  teacher  training  program.  Another 
obstacb  to  integrating  the  interactive  approach  into  our 
teacher  training  courses  is  the  fact  that  the  related 
technology  is  new. 

This  obstacle,  however,  can  be  overcwne  by  simple 
honesty.  We  need  to  let  the  students  share  widi  us  the 
experience  of  discovering  new  technology  and  new 
instructional  designs.  We  have  found  that  this  works  well. 
It  creates  an  excitement  and  provides  students  with  a 
teaching  alternative  tiiat  they  can  use  in  their  own 
classrooms. 

Let  us  suggest  two  major  ways  by  which  you  can 
break  the  cycle  of  perpetuating  Uie  familiar.  First,  we 
view  the  foe  of  the  interactive  paradigm  as  die  idea  that 
*Heaching  is  telling."  We,  therefore,  ask  our  colleagues  in 
teacher  education  to  reframe  die  idea  of  teaching  as 
essentially  participatwy .  In  the  participatory  mode,  die 
lines  between  teaching  and  learning  become  more  blurred. 
The  difficult  part  of  this  is  getting  used  to  tiie  idea  diat 
control  does  not  have  to  reside  with  the  teacher. 

Second,  we  suggest  the  use  of  the  case  study  as  a  way 
of  approaching  important  concepts.  The  idea  behind  die 
case  study  is  to  involve  students  in  a  real  life  problem 
where  there  is  not  an  immediate  solution.  Case  studies 
invite  student  activity  and  can  easily  be  translated  into  tiie 
interactive  paradigm.  In  the  case  study  approach,  a 
classroom  situation  with  a  richness  of  variables  approach- 
ing diat  of  real  life,  can  be  presented  Students  can 
generate  hypothetical  responses,  test  these  responses 
against  a  dynamic  representation  of  the  case  situation, 
revise  their  responses,  further  test,  and  thereby  move 
tiirough  a  learning  matrix.  In  such  a  process,  knowledge  is 
acquired  in  a  holistic,  dynamic  sense  as  opposed  to  being 
experienced  as  distant  and  inert.  This  approach  lends 


itself  very  naturally  to  the  use  of  interactive  multimedia. 
Technology  can  be  used  as  a  way  of  presenting  simulated 
experiences,  and  as  a  means  of  tracking  and  coordinating 
a  dynamic  learning  process.  Interactive  multimedia  offers 
us  a  unique  moment  to  rediink  die  process  of  teaching  and 
learning.  Great  changes  in  human  endeavor  never  come  as 
completed  systems.  Rather  tiiey  offer  diose  who  are 
responsive  die  opportunity  to  experiment,  explore,  and 
learn.  We  suggest  diat  teacher  training  institutions  be  die 
first  to  sieze  diis  opportunity. 

References 

Dewey,  J.  (1916).  Democracy  and  educaiion.  New  York: 
Macmillan. 

Spire,  R.J.  &  Jehng,  J.C.  (1990).  Cognitive  flexibity  and 
hypertext.  In  D.  Nix  and  R.  Spiro  (Eds.).  Cognition, 
Education,  and  hfultimedia  (pp.  163-206).  Hillsdale,  NJ, 
Lawrence  Erlbaum. 


362  Technolofly  and  Teocher  Education  Annual  —  1 993 

37G 


A  permeated  approach  to 
technology  in  teacher 
education 

Brent  Robinson 
University  of  Cambridge.  U.K. 


Introducing  Technciogy  to  Intending  T^GCh^s 

An  effective  introduction  to  technology  for 
intending  teachers  recognizes  the  students'  prior 
technological  skills  and  perceptions;  it  then 
builds  upon  the  students'  existing  needs  and  expectations, 
satisfying  theni  but  also  modifying  them  as  the  students 
acquire  competence  and  critical  awareness — both  as  users 
of  technology  and  as  effecfive  classroom  teachers. 

In  an  attempt  to  make  technology  more  inunediately 
relevant  to  intending  teachers,  some  courses  begin  by 
focussing  on  applications  rather  than  upon  technicalities. 
Word  processing  has  bec(Mne  a  frequent  starting  point.  It 
is  attractive  because  it  is  immediately  apparent  to  students 
that  word  processing  can  make  them  more  effective 
communicators;  thus  they  are  motivated  to  gain  some 
early  technical  competence.  Word  processing  is  also  an 
application  that  has  some  obvious  uses  in  the  classroom; 
but  it  is  important  to  recognize  that,  increasingly,  students 
are  entering  teacher  education  courses  already  familiar 
with  some  aspects  of  technology  Some  recruits  have 
experienced  word  processing  in  earlier  student  days  or, 
especially  among  mature  students,  in  prior  work  experi- 
ence (Blackmore  1992).  It  therefcwe  becomes  important  to 
recognize  a  growing  diversity  of  levels  of  entry  skill. 
Increasingly  too,  students  are  likely  now  to  have  used 
other  applications  besides  word  processing  as  integral 
tools  within  the  study  of  a  subject  or  as  occupational  aids. 

This  diversity  of  applications  must  also  be  recognized 
and  acconmiodated  within  teacher  education  courses. 
Lastly,  it  must  be  recognized  that  all  students,  no  matter 
whether  they  have  some  prior  computer  experience  or  not, 
are  intending  to  teach.  Other  than  those  who  have  an 
interest  in  teaching  computing,  the  interests  of  intending 
teachers  are  firmly  focussed  on  their  own  subjects  rather 
than  on  technology. 

Initial  technology  experiences  for  intending  teachers 
should  be  ones  which  are  appropriate  for  them.  Word 
processing  may  be  useful,  but  not  all  begmning  teachers 
will  see  immediate  uses  beyond  their  own  needs  as 
students.  Mathematics  students  might  begin  with  spread- 
sheets; historians  with  databases;  rcientists  with  computa- 
tion, data  capture  or  control;  geographers  with  remote 
sensing;  modem  language  students  with  electronic 
conmiunications;  musicians  with  music  packages  and 
synthesizers;  artists  with  imaging  software;  and  so  on. 
Through  this  approach,  students  can  immediately  identify 
the  relevance  of  technology  to  their  subject,  both  as 
students  of  the  subject  and,  as  they  develop  profession- 
ally, as  teachers  of  it.  If  the  focus  is  upon  the  relationship 
of  the  technology  to  the  subject  rather  than  upon  the 
technology  perse,  then  all  students  have  something  to 
learn,  even  those  who  may  be  already  familiar  with  the 
application.  Initial  differences  in  technical  competence 
between  students  become  less  marked  as  attention  shifts 
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away  from  technical  matters  to  discussion  about  the 
nature  of  the  subject  and  how  it  can  be  taught  -  something 
in  which  they  are  all  beginners.  Even  for  the  nervous 
computer  novice,  technological  fears  and  reservations  are 
more  likely  to  become  suppressed  and  eradicated  as 
attention  shifts  from  technological  to  professional  matters 
and  to  a  realisation  of  the  relevance  and  potential  of  this 
educational  resource. 

Applications  like  word  processors  and  the  other 
content  free  programs  were  not  conceived  as  learning 
resources.  They  were  designed  as  authentic  tools  for  a 
variety  of  adult  needs.  While  they  perform  specific 
functions,  they  may  be  used  in  a  variety  of  contexts  for  a 
variety  of  purposes.  Unlike  more  well  defined  computer 
learning  programs,  content  free  applications  require  the 
teacher  to  define  the  educational  contexts  in  which  such 
tools  may  be  used  and  the  functions  for  which  they  will 
be  employed.  For  the  inexperienced  teacher,  the  applica- 
tions provide  considerable  scope  for  where  and  how  they 
might  be  used.  Although  this  means  that  the  software  can 
sometimes  be  used  to  reinforce  the  unrefined  practice  of 
novice  teachers,  it  does  allow  them  to  develop  confidence 
and  familiarity  with  the  technology.  Specifically  designed 
educational  packages  offer  the  novice  teacher  more  direct 
guidance,  but,  at  the  same  time  these  computer  learning 
packages  can  also  offer  a  disconcerting  mismatch  for  the 
inexperienced  teacher  between  what  thai  teacher  wants 
and  what  the  resource  provides.  Content  free  software 
challenges  intending  teachers  to  articulate  their  teachuig 
objectives  and  methods  and,  of  course,  each  student's  use 
of  the  technology  will  be  concurrent  with  the  develop- 
ment of  good  practice,  and  so  further  use  of  content  free 
applications  can  reflect  and  even  highlight  these  changes. 

Computer  Learning  Prograim  and  Teacher 
Specialisms 

Specific  learning  packages  have  an  important  place 
within  the  teacher  education  curriculum.  Chosen  with 
care,  these  packages  can  be  used  as  vehicles  to  explore 
important  epistemological  and  pedagogic  aspects  of  the 
intending  teacher's  specialism.  Indeed,  when  presenting 
software  to  intenduig  teachers  it  is  important  to  remember 
that  when  experienced  teachers  are  introduced  to  new 
programs,  they  are  just  as  much  concerned  to  ask  ques- 
tions related  to  program  content,  teaching  style,  and 
classroom  management  as  they  are  to  consider  the 
technical  aspects  of  the  resource.  The  computer  experi- 
ence has  the  potential  to  be  a  powerful  stimulation  for 
reflection  on  just  what  is  important  in  teaching  (Olson, 
1988,  p.  107), 

It  was  apparent  from  the  early  days  of  educational 
computing  that  tlie  computer  could  be  useful  for  drill  and 
practice  wherever  there  as  a  corpus  of  knowledge  or  set 
of  skills  to  be  acquired.  But  even  in  those  cnrly  days, 


practicing  teachers  rightly  asked  pertinent  questions.  As 
Rushby  pointed  out  when  such  software  first  appeared 
(Rushby ,  1979,  p.  23)  it  makes  a  number  of  assumptions 
about  the  nature  of  the  subject  matter;  in  particular  it 
assumes  that  a  subject  can  be  separated  into  small  parts, 
each  with  clearly  defined  prerequisites  and  objectives  so 
that  the  i ;  .viu  jal  parts  can  be  sensibly  structured  into  a 
coherent  sequence,  also  with  clear  prerequisites  and 
objectives.  That  this  is  possible  is  more  obvious  for  some 
subjects  than  for  others.  It  also  assumes  that  pupils 
conform  to  the  behaviorist  learning  model.  Again,  it  is  not 
obvious  that  all  of  them  respond  to  stunuli  in  the  way  that 
the  theory  assumes.  The  use  of  drill  and  practice  software 
in  the  teacher  education  curriculum  prompts  discussion  of 
conditioning  as  an  effective  method  of  learning  and,  if  it 
is,  which  aspects  of  which  curricular  subjects  can  be 
presented  to  which  children  m  this  way. 

Later  software  developments  were  also  to  require 
teachers  to  attend  to  questions  of  subject  matter  and 
teaching  methodology.  The  use  of  computers  to  teach 
school  subjects  through  simulating  the  problems  and 
modelling  the  processes  teachers  of  the  subject  conven- 
tionally deal  with  is  a  useful  way  to  represent  the  nature 
of  the  subject  as  well  as  a  way  to  help  students  understand 
the  way  the  subject  "works"  (Olson,  1988,  p.  61)  This  in 
itself  is  useful  to  intending  teachers.  But,  in  addition,  the 
advent  of  computer  simulation  and  model  building 
requires  appreciation  of  a  further  theory  of  leammg  based 
on  the  concepts  of  developmental  psychology.  The  major 
premise  is  that  knowledge  can  be  created  through  the 
child's  experiences  so  the  emphasis  is  upon  the  pupil's 
explorr^ion  of  information  on  a  particular  topic.  The 
computer  is  programmed  to  allow  children  to  explore 
ready  built  models  or  build  their  own  and  so  to  learn  by 
discovery.  For  teachers,  this  poses  new  challenges. 
Exploration  is  far  less  prescribed  than  traditional  teaching. 
It  must  be  more  flexible  and  open  ended.  It  is  more  time 
consuming  and  collaborative  in  nature.  The  software 
raises  furthe;  questions  to  be  answered  concerning 
relevant  subject  applications:  the  underlying  pedagogy 
and  practical  management  in  the  classroom. 

If  student  teachers  are  to  be  introduced  to  appropriate 
software  foi  the  teaching  of  their  chosen  subjects  and  age 
phases,  it  is  important  to  recognize  that  they,  even  more 
than  experienced  teachers,  will  have  questions  to  ask  and 
problems  to  face.  It  is  likely  that  student  teachers  will  lack 
the  experience  and  i)erhaps  the  confidence  of  experienced 
teachers  to  ask  questions.  They  m^.y  not  even  be  able  to 
articulate  their  questions  about  tlie  use  of  individual 
programs  or  technology  m  general.  It  is  important  to 
enable  and  encoumge  them  to  do  so.  A  failure  to  create 
such  possibilities  could  lead  to  confusion  and  uncertainty 
abo'!t  the  educational  use  of  technology.  It  might  even 
lead  to  rejection  of  it.  It  certainly  will  not  help  teachers 
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become  professionally  critical  about  educational  technol- 
ogy. A  recognition  of  the  issues,  on  the  other  hand,  opens 
the  door  not  only  to  a  greater  understanding  of  the 
educational  potential  of  technology  but  also  of  the 
teaching  process  itself. 

Technology  and  the  Wider  Professional 
Eckicofion  of  Teachers 

Much  of  what  has  been  discussed  so  far  about  the  way 
that  technology  might  be  presented  ui  teacher  education 
will  help  intending  teachers  to  look  uiward,  illuminating 
their  specialist  teaching.  But  while  a  teacher  might  have 
an  allegiance  to  a  particular  specialism,  there  is  the  whole 
.wiculum  to  consider  and  aspects  of  cohesion,  continuity 
and  progression  to  address.  This  is  no  less  the  case  with 
the  curricular  application  of  computers.  Technology  can 
be  a  useful  vehicle  for  the  discussion  of  these  and  also  of 
other  wider  pedagogic  issues,  aspects  of  professional 
knowledge  and  skill  that  are  fundamental  and  conunon  to 
all  teachers  and  that  form  a  conmion  core  in  the  teacher 
education  curriculum. 

Consider  for  example  the  way  that  different  teachers 
use  some  content  free  applications,  hitending  language 
teachers  might  find  the  text  processing  power  of  a  desktop 
publishing  program  particularly  attractive  and  education- 
ally valuable  in  their  subject.  Teachers  in  other  subjects 
might  wish  to  present  the  softvs  are  differently  -  for 
example,  in  subjects  where  visual  communication  is 
particularly  important  it,  might  be  useful  to  concentrate 
first  on  the  graphic  potential  of  the  package.  Consider, 
too,  how  databases  may  be  used  differently  in  each 
curriculum  subject.  Which  aspects  of  which  subjects  may 
be  "represented"  in  a  database?  What  sort  of  interacdons 
with  the  subject  must  pupils  undertake  to  construct  or 
interrogate  a  database?  An  awareness  of  such  differentia- 
tion can  be  the  start  of  a  fruitful  dialogue  between 
teachers  enabling  them  to  appreciate  better  the  common- 
alities and  differences  of  their  respecuve  subjects.  It  can 
also  contribute  towards  their  vision  of  the  whole  curricu- 
limi  and  the  place  of  technology  within  it. 

Such  debate  is  concerned  not  only  with  subject 
content  but  also  with  teaching  style.  To  take  word 
processing  and  desktop  publishing  again,  the  way  in 
which  one  teacher  enables  children  to  use  this  in  the 
classroom  is  often  totally  different  to  that  of  another. 
Content  free  applications  arc  adaptable  enough  to  fit 
many  teaching  patterns.  They  can  reinforce  bad  practice 
as  well  as  good  practice.  Word  processing  can  allow 
children  to  engage  more  fully  in  authentic  writing  activity 
-  drafting  and  redrafting  their  work,  paying  attention  to 
content  and  fonn;  collaborating  in  a  group  with  others; 
presenting  attractively  produced  final  ccpy.  It  can  also  be 
used  as  nothing  more  than  a  glorified  typev/riter,  a  reward 
for  the  individual  child  who  has  already  laboriously  hand 


written  on  his  or  her  own  the  first  and  only  version  of  an 
essay.  More  prescriptive  learning  packages  prompt  a 
consideration  of  the  discrepancies  between  the  teaching 
style  they  embody  and  the  methodology  considered 
valuable  by  the  teacher.  Content  free  software  requires 
teachers  to  use  their  own  teaching  styles,  so  the  compari- 
son is  between  different  teachers  using  the  same  software 
rather  than  between  software  and  teacher. 

For  intending  teachers,  it  can  be  inkiaensely  valuable 
to  discuss  how  they  would  use  the  same  software  in  their 
respective  lessons.  Between  students  of  the  same  subject 
or  age  phase  and  between  students  of  different  age  and 
subject  specialisms,  a  discussion  centered  around  such 
computer  use  can  be  a  stimulus  to  a  greater  understanding 
of  their  own  subject  and  teaching  style  and  also  of  the 
range  of  subject  functions  across  the  curriculum  and  the 
range  of  teaching  styles  available  and  in  use. 

There  are  other  ways  in  which  computers  can  high- 
light wider  pedagogic  issues.  Consider,  for  example,  the 
linguistic  and  cognitive  dimensions  of  the  teacher 
education  curriculum.  The  teaching  of  language  skills  is 
seen  to  be  a  responsibility  of  all  teachers,  regardless  of 
their  subject  and  the  age  phase  of  their  pupils  (CATE, 
1992,  p.  10).  But  language  is  also  the  major  vehicle  for 
teaching  and  learning  in  schools.  Learning,  it  is  now  clear 
(Marland,  1977,  p.  ix),  involves  language  not  merely  as  a 
passive  medium  for  receiving  instruction,  but  as  the 
essential  means  of  fonning  and  handling  central  concepts. 
Thus,  learning  is  not  merely  through  language  but  with 
language.  Therefore,  the  development  of  a  technology 
designed  precisely  to  store,  sort,  search,  and  transmit  huge 
amounts  of  information  at  high  speed  in  efficient  and 
often  novel  ways  is  potentially  of  great  relevance  to 
teachers  and  pupils  (DES,  1988,  para.  14.17). 

The  very  design  of  a  word  processor  reveals  much 
about  the  nature  of  writing  which  should  be  of  profes- 
sional interest  to  intending  teachers.  An  exploration  of  the 
way  that  children  use  a  word  processor  reveals  more  to 
teachers  about  the  way  that  children  think  and  write. 
When  children  are  seen  wwd  processing  in  groups,  the 
exercise  provides  insights  into  ways  in  which  language 
can  be  a  vehicle  for  learning;  the  way  that  children 
collaborate;  alternative  strategies  for  classroom  organiza- 
tion and  new  roles  for  the  teacher. 

The  study  of  databases  can  be  used  to  focus  on  other 
important  areas  of  the  teacher  education  curriculum. 
Despite  the  fact  that  information  skills  are  central  to  the 
educational  process  and  that  they  are  being  introduced 
into  schools  as  part  of  a  drive  towards  greater  learner 
autonomy,  many  of  the  concepts  and  skills  involved  in 
handling  information  and  in  fulfilling  a  task  are  frequently 
as  novel  to  teachers  as  they  are  to  pupils.  Carter  and 
Monaco  (1987,  p.  7)  claim  that  pupils  of  all  ages  and 
abilities,  together  with  many  teachers,  lack  an  apprecia- 


A  p«rnrMOted  approach  to  technology  in  feachcir  ©ducotlon  365 


tion  and  understanding  of  the  concepts  underlying  what 
they  do.  The  use  of  databases  calls  into  question  and 
makes  explicit  the  types  of  knowle  \;e,  understanding, 
and  information  handling  skills  required  of  pupils.  As  is 
so  often  the  case  with  the  new  technologies,  the  skills 
demanded  of  database  users,  especially  children,  are  of  a 
high  order,  and  sometimes  very  different  from  those 
typically  required  in  school  activities.  To  interrogate  a 
database,  children  need  to  form  and  test  hypotheses, 
formulate  precise  questions  and  apply  logical  operators, 
evaluate  results,  look  for  relationships  and  classify  and 
categorise  infonnation.  This  takes  place  within  a  specific 
discipline  framework  which  often  determines  the  precise 
nature  of  the  concepts,  skills  and  data  employed.  The 
construction  of  a  database  requires  many  of  the  same 
skills.  It  requires  a  thorough  knowledge  of  the  subject  to 
be  represented  -  its  factiial  detail,  its  overall  conceptual 
and  structural  framework,  and  its  internal  relations.  It 
requires  a  critical  ability  to  determine  what  is  important 
factually  and  conceptually  to  future  users  of  the  database 
and  the  methods  (often  subject  specific)  which  will  be 
used  for  subsequent  interrogation 

Teachers  can  hardly  be  expected  to  he?p  their  pupils 
cope  successfully  with  infonnation  skills  until  they 
themselves  have  had  the  oj^rtunity  to  learn  them. 
Intending  teachers  therefore  need  not  only  to  acquire  the 
skills  of  information  handling  but  also  to  understand  fully 
the  underlying  concepts.  Carter  and  Monaco  (1987,  p.  7) 
claim  from  their  research  that  the  use  of  technology  for 
communicating  infomiation  appears  to  offer  a  potent  way 
of  demonstrating  many  of  the  concepts  pupils  ard 
teachers  find  so  difficult  to  grasp. 

Infmnation  is  common  to  all  subjects,  and  thus  it  can 
be  argued  that  skills  to  handle  information  should  be 
applicable  to  all  subjects.  However,  knowledge  is 
conipartmentalised  into  discrete  areas  so  it  is  hardly 
surprising  that  pupils  frequently  fail  to  see  the  connection 
between  subjects  and  are  unable  to  transfer  knowledge  or 
skills  learned  in  one  subject  area  to  that  of  another.  On 
teacher  training  courses,  the  trainers  could  help  by  usmg 
technology  to  demonstrate  the  links  between  subjects  and 
their  importance,  something  that  teachers  need  to  take 
account  of  in  their  own  teaching  (Carter,  1988,  pp.  11- 
12).  Training  is  also  needed  to  help  teachers  to  be  flexible 
in  their  approach  to  classroom  management  and  to 
possess  a  range  of  teaching  styles.  Such  flexibility  will 
include  the  ability  to  know  when  to  "back  away"  and 
leave  the  pupils  to  take  full  command  of  the  task  and  any 
technology  involved. 

Other  types  of  software  are  also  useful  vehicles  for  the 
consideration  of  fundamental  educational  issues.  Logo 
stands  out  as  an  obvious  example.  When  he  designed 
LOCA  Papcrt  was,  of  course,  greatly  influenced  by  the 
work  of  Jean  Piagel. 


(The  computer)  is  not  just  anothv^r  powerful  educa- 
tional tool.  It  is  unique  in  providmg  us  with  the  means 
for  addressing  what  Piaget  mkI  many  others  see  as  the 
obstacle  which  is  overcome  in  the  passage  from  child 
to  adult  thinking.  I  believe  that  it  can  allow  us  to  shift 
the  boundary  separating  concrete  and  formal.  Knowl- 
edge that  was  accessible  only  through  formal  pro- 
cesses can  now  be  approached  concretely.  (Papert, 
1980,  p.  21). 

Children  working  with  LOGO  pro\ide  useful  exem- 
plars, whereby  intending  teachers  can  examine  important 
psychological  theories  of  the  way  that  children  think  and 
leam.  That  learning,  Papert  argues,  is  greaUy  assisted  by 
the  way  in  which  computer  models  seem  to  be  able  to 
give  concrete  forms  to  areas  of  knowledge  that  had 
previously  appeared  so  intangible  and  abstract.  In  so 
doing,  computers  offer  children  very  concrete  models  to 
think  about  thinking  and  to  leam  about  leaming  enhanc- 
ing their  powers  as  psychologists  and  as  epistemologists. 
(Papert,  1980,  p.  23) 

As  this  paper  has  attempted  to  indicate,  there  are  many 
opportunities  whereby  the  computer  can  provide  valuable 
insights  into  epistemological  and  psychological  issues. 
The  advantage  in  .  e  case  of  LOGO  is  that  Papert  has  not 
only  provided  an  exemplar  of  a  theory  in  practice,  but  he 
has  also  furnished  a  substantial  rationale.  Because  he 
draws  upon  and  challenges  the  theories  of  Piaget  concern- 
ing cognitive  development,  he  provides  a  very  accessible 
approach  to  one  of  the  central  figures  m  contemporary 
educational  psychology. 

Papert  posits  a  further  hypoUiesis  wiUi  implications 
for  the  content  and  design  of  teacher  education  programs. 
Some  of  the  most  important  work  in  psychological  theory 
is  currently  being  undertaken  in  artificial  intelligence.  In 
order  to  expand  the  capacity  of  machmes  to  perform 
intelligent  human  functions,  it  is  usually  necessary  to 
reflect  not  only  on  the  nature  of  the  machines  but  on  the 
nature  of  the  mtelligent  functions  to  be  performed. 

O'Shea  (1983,  p.  4)  points  out  that  artificial  intelli- 
gence programs  are  often  involved  with  processes  such  as 
remembering  and  accessing  relevant  knowledge:  using 
this  knowledge  appropriately  (for  example  to  reason  and 
to  form  plans  of  action);  revising  and  extending  knowl- 
edge; searching  in  some  more  or  less  systematic  way  for  a 
solution  to  a  problem;  recognising  similarities  and 
drawing  analogies  between  things;  and  finally,  attempting 
to  understand  some  aspect  of  the  surroundings  (for 
example,  something  communicated  to  computers  in 
English).  In  principle,  tiiereforc,  artificial  intelligence 
should  be  relevant  to  the  design  of  teaching  and  learning 
systems  since  these  processes  are  gener-^^lizations  of 
particular  teaching  and  learning  activities  (O'Shea,  1983, 
p.  4).  The  ways  by  which  good  organizations  in  a  com- 
puter are  developed  suggest  guidelines  and  insights  into 
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how  learning  environments  might  lead  to  the  development 
of  good  organizations  of  knowledge  in  a  child*s  brain.  In 
the  not  too  distant  future,  it  may  well  be  that  theoretical 
work  in  this  field  will  need  to  impinge  upon  the  content  of 
teacher  education  courses,  and  that  the  technology  itself 
will  have  far  more  to  present  to  intending  teachers  about 
teaching  and  learning  processes. 

While  computer  scientists  are  designing  ever  more 
sophisticated  machines  to  replicate  what  is  going  on  in  the 
human  mind,  it  is  also  true  that  the  machines  are  making 
far  greater  cognitive  demands  than  ever  before.  In 
"Mindstcrais",  Papert  discusses  ways  in  which  computers 
might  change  thinking  and  ways  in  which  learning  might 
take  place.  It  is  a  large  subject  looking  not  only  at  the 
psychology  of  learning  but  at  the  role  of  the  teacher  and 
the  very  function  and  existence  of  schools  in  the  future.  It 
dra^vs  in  the  sociology  of  education  as  much  as  its 
psychology  and,  thus,  brings  into  discussion  very  impor- 
tant questions  (or  all  intending  teachers  io  consider.  Even 
now,  however,  integrating  computers  into  the  classroom 
is  Drtore  than  simply  assimilating  the  technology  into 
existing  classroom  practices.  The  very  goals  of  these 
practices  are  brought  into  question  because  using  the 
coniputer  as  a  teaching  aid  itself  raises  questions  (Olson, 
1988,  p,  53).  Using  technology  in  the  classroom  becomes 
an  occasion  for  reflecting  upon  the  curriculum  itself  and 
whether  or  not  the  computer  offers  opportunities  not  yet 
embodied  in  the  curriculum. 

Such  questions  take  us  a  long  way  from  the  content  of 
courses  which  concenU-ate  on  the  teaching  of  operational 
skills,  but  these  dimensions  are  essential  elements  of  the 
technology  curriculum  **or  intending  teachers  if  those 
teachers  are  to  develop   critical  framework  within  which 
to  think  about  how  computers  can  be  used  effectively  in 
the  classroom.  Indeed,  it  can  be  argued  that  it  is  not  until 
teachers  have  fully  explored  these  dimensions  that  they 
will  ever  make  really  effective  use  of  technology  in  their 
teaching. 

The  computer  is  not  just  a  powerful  teaching  resource  for 
use  in  schools  and  shouWno*  be  used  with  intending  teachers 
only  in  this  way.  It  isan  instnmieni  which  can  be  used  in  the 
broad  professional  devek)pinent  of  teachers,  focussing  attention 
on  fiindamental  episteniotogkal  and  pedagogic  issues  rela^ 
the  intending  teadier*s  chosen  age  and  sut^ect  specialism,  to 
cross  cuirlcular  and  age  phase  mat ters  and  to  wider  concerns 
which  he  at  the  heart  of  any  teacher  education  program.  If  the 
technology  is  devetoped  in  context  and  integrated  with  other 
learning  as  part  of  the  teacher  education  course,  then  intending 
teachers  are  offered  a  powerful  learning  process.  It  encom- 
passes the  prior  technological  skills  and  peancq)dons  of  students; 
it  build;  upon  the  perceived  needs  of  students,  and  it  kads  on  to 
wkJer  professional  development,  offering  in  the  process  a 
curriculum  led  model  of  how  to  integrate  computers  into 
teaching  in  scixx)]s. 
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The  Implementation  of 
computer  tectinology  in 
preservice  teactiing 

Janice  E.  J.  Woodrow 
University  of  British  Columbia 


Introduction 

Preservice  teachers  need  to  perceive  computers  as 
integral  parts  of  the  instructional  strategies  and 
professional  activities  of  teachers.  Teacher 
education  programs  must  build  upon  the  existing  com- 
puter experience  of  all  preservice  teachers  and  introduce 
them  to  the  wealth  of  resources,  new  instructional 
strategies,  and  sophisticated  laboratory  and  sunulation 
tools  made  possible  by  the  emerging  technologies,  such 
technologies  permit  the  attainment  of  learning  goalf 
beyond  the  capabilities  of  traditional  instnictional  modes. 
Like  many  educational  training  instiUitions,  the  Univer- 
sity of  British  Columbia  (UBC)  is  attempting  to  respond 
to  the  perceived  technology  needs  of  its  preservice 
teachers.  Secondary  teacher  education  at  UBC  consists  of 
a  twelve  month,  post  baccalaureate  program  combining 
elements  of  curriculum  and  educational  theory  with  a 
thirteen  week,  school-based  practicum  in  the  winter  term. 
The  design  of  the  iwogram  gives  the  students  little 
opportunity  to  select  elective  computer/technology 
courses.  Furthermore,  the  students  who  fit  such  courses 
into  theu:  program  can  generally  do  so  only  in  the  summer 
term  after  tbey  feave  completed  their  practicum.  These 
circumstances  lead  to  the  dilemma  of  how  to  adequately 
preparc  the  students  to  utilize  computer-based  technology. 
Clearly,  some  training  elements  must  be  included  in  their 
first  term  of  work,  but  how  and  which  elements?  Other 
elements  could  be  offered  after  the  practicum,  but  would 
the  students  perceive  the  need  for  such  training?  In  order 
to  address  these  problems,  a  three  year  study  of  the 
implementation  of  computer  technology  by  preservice 
teachers  in  their  practicum  experience  was  begun  in  the 
spring  of  1992.  The  specific  objectives  of  this  study  were 
to  (a)  assess  the  actual  use  of  computers  by  the  students, 
(b)  sample  the  students*  perceptions  about  their  prepara- 
tion to  use  computers  during  the-^r  practicum,  and  (c) 
identify  program  areas  in  need  of  technology-based 
revision.  The  underlying  purpose  of  the  study  was  the 
isolation  of  patterns  of  computer  use  and  the  development 
of  procedures  among  UBC's  Faculty  of  Education  to 
encourage  and  facilitate  effective  educational  use  of 
computer-based  technology  both  in  the  teacher  education 
program  itself  and  in  the  classroom. 

Methodology 

At  the  beginning  of  the  summer  term  in  1992,  UBC*s 
secondary  preservice  teachers  were  asked  to  complete  a 
questionnaire  designed  to  sample  (a)  theu:  use  of  comput- 
ers during  their  just  completed  practicum,  (b)  their 
perceptions  about  their  levels  of  preparation  to  use 
computers  during  the  practicum,  and  (c)  their  attitudes 
towards  the  classroom  implementation  of  computers.  The 
first  section  of  the  questionnaire  was  used  to  gather 
minimal  demographic  data.  In  the  second  section,  the 
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preservice  teachers'  use  of  word  processors,  gr£q>hics 
programs,  spreadsheets,  and  database  applications  was 
surveyed.  For  each  of  these  applications,  the  students 
were  asked  whether  or  not  they  had  used  it  during  the 
practicum  and  what  they  felt  then*  level  of  preparation  to 
use  the  application  had  been.  Those  students  who  indi- 
cated that  they  had  used  the  application  responded  to  a 
furiher  set  of  questions  which  probed  the  nature  and 
extent  of  that  use.  For  completeness,  the  students  were 
also  asked  to  indicate  whether  or  not  they  had  used  any 
other  ccHnputer  ^plication  during  the  practicum,  such  as 
HyperCard,  a  MIDI  program  or  a  computer-based  lab. 

In  the  final  section  of  the  questionnaire,  the  students 
were  asked  to  record  their  levels  of  agreement  or  dis- 
agreement to  a  series  of  statements  related  to  attitudes 
toward  the  use  of  computers.  This  section  was  included  to 
explore  the  interaction  between  attitudes  toward  ccnnput- 
ers  and  the  adoption  of  computers  as  professional  and 
instructional  tools.  Three  attitude  dinicnsions  were 
sampled  using  items  frcwi  Loyd  and  Gressard's  (1986) 
Computer  Attitude  Scale.  These  attihides  were  Computer 
Liking,  Computer  Usefulness,  and  Computer  Anxiety  In 
addition,  the  participants  were  asked  to  respond  to  five 
specific  questions  related  to  the  educational  implementa- 
tion of  computers. 

The  questionnaire  was  administered  at  the  end  of  a 
required  class  during  the  fu'st  week  of  the  summer  term. 
One  hundred  fift^  -one  students  completed  the  question- 
naire. Nine  of  the  returned  questionnaires  were  unusable 
and  37  of  the  respondents  indicated  that  they  had  not  used 
computers  during  their  practicum.  The  responses  received 
from  the  remaining  105  students  comprise  the  basis  of  the 
results  presented  in  this  paper.  Data  were  gathered  from 
51  females  and  47  males.  Seven  did  not  report  their 
gender. 


Computer  Training 

The  105  students  were  divided  into  8  groups  accord- 
ing to  their  teaching  subject.  This  process  resulted  in  14 
students  being  included  in  2  groups  and  was  done  in  order 
to  facilitate  the  assessment  of  the  partially  discipline- 
K^ed,  teacher  education  program.  The  8  groups  were 
Technology  Education  (TCED),  Business  Education 
(BUED),  Home  Economics  Education  (HMED),  Foreign 
Language  (FRNL),  English  (ENGL),  Math  and  Science 
Education  (MSED),  Social  Studies  Education  (SSED), 
and  Art  and  Music  Education  (AEME).  The  students  were 
asked  to  indicate  their  general  level  of  computer  experi- 
ence prior  to  the  practicum  on  the  following  4-point  scale: 

1  -  zero  experience 

2  -  not  enough  to  feel  comfortable  using  a  computer 

3  -  enough  to  feel  comfortable  using  a  computer,  and 

4  -  extensive. 

The  findings  are  summarized  in  Table  1 .  The  re- 
sponses indicated  that  the  majority  of  the  students  had 
moderate  computer  experience  -  a  fact  that  probably 
engendered  their  use  of  computers  during  the  practicum. 
The  greatest  experience  was  reported  by  the  TCED 
students  followed  by  the  MSED  students.  The  least 
experience  was  reported  by  the  HIvlED  students,  but  those 
of  the  FRNL,  ENGL,  SSED  and  AHME  students  were  all 
below  optimal  standards  for  instructional  applications. 
The  percCTtages  of  the  students  in  each  group  which  had 
received  specific  types  of  training  are  shown  in  Table  1. 
The  most  widely  trained  students  were  the  TCED 
students,  all  of  whom  reported  having  had  word  process- 
ing training,  with  most  also  having  botli  graphics  training 
and  training  to  use  computers  within  their  specific 
discipline.  Word  processing  training  was  the  most 
conunon  form  of  training  received  by  all  the  other  student 
groups  except  for  the  BUED  students  for  whom  business 
data  processing  honing  exceeded  word  processing 


Table  1 


Summary  of  the  Pre-practicum  Computer  Experience  and  Training  of  the  Preservice  Teachers 


Group 

No. 

General 

Word 

Discipline 

Data 

Prog. 

Graphics 

Exp. 

Proc. 

Use 

Proc. 

TCED 

13 

3.62 

100% 

77% 

23% 

38% 

92% 

BUED 

9 

3.00 

56% 

44% 

67% 

22% 

11% 

HMED 

8 

2.50 

88% 

13% 

0% 

0% 

13% 

FRNL 

12 

2.75 

75% 

8% 

33% 

0% 

17% 

ENGL 

18 

2.72 

67% 

22% 

11% 

6% 

6% 

MSED 

2^ 

3.24 

86% 

41% 

24% 

52% 

24% 

SSED 

21 

2.81 

67% 

24% 

14% 

24% 

19% 

AEM7. 

9 

2.78 

67% 

56% 

11% 

11% 

33% 

Total 

105 

2.93 

76% 

36% 

23% 

19% 

27% 
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training.  Programming  training  was  aloiost  exclusively 
restricted  to  the  MSED  students. 

With  the  excepUon  of  the  TCED  students,  roughly  two 
thirds  of  the  students  in  every  discipline  group  indicated 
that  their  computer  training  was  self  taught  This  result 
reflects  the  reality  of  UBC's  post  baccalaureate  teacher 
education  program  and  emphasizes  a  problem  that  the 
program  must  resolve.  The  TCED  smdents  comprise  a 
special  group  of  students  who  gain  entrance  to  the  teacher 
education  program  by  completing  a  specific  program  of 
studies  at  a  local  technical  institute  affiliated  with  the 
university.  This  program  is  specifically  designed  to  meet 
the  needs  of  teachers  and  includes  mandatory  computer 
training.  As  a  result  of  this  program,  all  the  TCED 
students  enter  teacher  education  with  a  strong  background 
in  computers.  All  other  students  gain  entrance  to  the 
teacher  education  program  on  the  basis  of  their  university 
degrees,  and,  while  these  students  have  to  meet  certain 
academic  course  requirements,  computer  training  is  not 
one  of  them.  The  computer  background  of  these  students, 
accordingly,  is  highly  eclectic  and  largely  self-taught.  The 
teacher  education  program  must  be  flexible  and  respon- 
sive  to  meet  the  changing  and  variable  needs  of  these 
students. 

One  perennial  concern  of  preservice  teachers  is  the 
availability  of  cOTiputers  in  the  schools.  In  reality, 
however,  this  concern  is  specious.  The  students  reported 
that  computers  were  readily  available  for  their  use  at  all 
times  although  computer  labs  generally  had  to  be  pre- 
booked  for  class  use.  While  it  would  be  nice  to  conclude 
that  this  result  indicated  a  wealtji  of  computer  resources  in 
the  schools,  in  fact,  it  reflects  instead  the  minimal  use  of 
existing  facilities  and  reinforces  the  need  for  both 
preservice  and  inservice  training  of  teachers  to  implement 
computer-based  technology  more  fully.  All  of  the  TCED 
students,  and  rbe  majority  of  the  other  students  reported 
that  their  home  computer  was  the  one  most  used  during 
the  practicum.  Only  the  BUED  and  SSED  students 


indicated  a  slightly  higher  use  of  school  computers  (56% 
and  52%)  than  home  computers  (44%  and  43%).  IBM  and 
clone  machines  were  used  by  75%  of  the  students  and 
Macintosh  computers*  by  28%. 

Usd  of  Specific  Appiicafions 

Table  2  summarizes  the  preservice  teachers  use  of 
word  processors,  graphics  applications,  spread  sheets, 
databases,  and  other  computer  applications.  By  far,  the 
most  used  application  was  word  processing,  with  roughly 
only  a  third  of  the  students  making  even  minimal  use  of 
other  applications.  Ail  of  the  student  groups  indicated  that 
their  pieparation  to  use  a  word  processor  application  was 
"enough  to  feel  comfortable  using  one**  but  only  the 
TCED  and  AEME  students  reported  feeling  comfortable 
using  graphics  applications,  and  only  the  TCED  and 
BUED  students  felt  comfortable  using  spreadsheets.  None 
of  the  student  groups  felt  prepared  to  use  database 
applications.  Some  subject-related  patterns  in  the  use  of 
cOTiputers  are  suggested  by  the  data  in  Table  2.  The 
TCED  students  were  the  highest  overall  users  of  ccwiput- 
ers  during  the  practicum.  The  implication  of  this  finding 
is  that  sound  computer  training  results  in  broad-based 
educational  use.  Training  was  also  inferred  to  be  the  basis 
of  the  relatively  high  use  of  computers  by  the  BUED  and 
the  MSED  students.  The  low  rate  of  use  of  any  applica- 
tion other  than  a  word  processor  by  all  ot  the  humanity 
students  is  a  cause  for  some  concern  and  may  suggest  an 
important  area  for  program  revision. 

Within  each  of  Uie  applications  areas,  patterns  of 
computer  use  were  evident.  The  highest  reported  use  of 
word  processors  was  to  prepare  student  exams.  All  of  the 
groups,  except  the  AEME  students,  reported  using  the 
computer  to  prepare  exams  70%  to  90%  of  the  time.  The 
next  most  frequent  use  of  word  processors  was  to  prepare 
student  quizzes  and  worksheets  or  handouts.  The  use  of 
word  processors  as  a  basis  of  student  assignments  was 
generally  very  low  (^30%)  with  the  greatest  frequency 


Table  2 


Thfl  Freauencv  of  Use  and  Preparation  to  Use  Specific  Computer  Applications 

Word  Proc. 

Graphics 

Spreadsheets 

Databases 

Other 

Use 

Prep. 

Use 

Prep. 

Use 

Prep. 

Use 

Prep. 

Use 

TCED 

100% 

3.69 

85% 

3.73 

62% 

2.88 

62% 

2.38 

92% 

BUED 

100% 

3.11 

22% 

2.50 

78% 

3.00 

11% 

1.0 

33% 

HMED 

63% 

2.80 

25% 

2.00 

25% 

2.00 

38% 

1.33 

13% 

FRNL 

83% 

3.10 

33% 

2.50 

33% 

2.50 

25% 

2.33 

17% 

ENGL 

100% 

2.72 

11% 

1.50 

6% 

2.00 

28% 

2.40 

6% 

MSED 

97% 

•3.36 

24% 

2.57 

41% 

2.50 

55% 

2.O0 

21% 

SSED 

90% 

2.74 

10% 

2.50 

19% 

2.50 

43% 

2.00 

19% 

AEME 

100% 

3.00 

22% 

3.00 

U% 

0.00 

11% 

2.00 

22% 

Total 

92% 

3.06 

29% 

2.54 

33% 

2.17 

34% 

1.93 

28% 
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Table  3 

Preservlce  Teacher  Attitudes  Toward  Educational  Computer  Utilization  and  Training 


Anxiety 

Liking 

Useful 

1 

2 

3 

4 

5 

TCED 

3.30 

3.47 

3.80 

3.34 

3.59 

3.49 

3.31 

3.23 

BUED 

3.31 

2.99 

3.81 

3.44 

3.89 

3.33 

3.67 

3.56 

HMED 

2.80 

2.70 

3.31 

3.O0 

3.38 

3.25 

2.88 

.2.63 

FRNL 

3.08 

2.78 

3.35 

3.67 

3.42 

3.42 

•  3.33 

3.17 

ENGL 

3.08 

2.83 

3.48 

3.28 

3.78 

3.56 

3.28 

2.89 

MSED 

3.40 

3.21 

3.59 

3.45 

3.48 

3.38 

3.14 

3.35 

SSED 

3.22 

3.00 

3.58 

3.33 

3.76 

3.76 

3.52 

3.33 

AEN4E 

3.22 

3.09 

3.48 

3.22 

3.33 

3.22 

3.33 

2.78 

Total 

3.18 

3.01 

3.55 

3,34 

3.58 

3.43 

3.31 

3.12 

Statements 

1 .  The  effort  necessary  to  integrate  computers  into  my  teaching  is  an  efficient  use  of  my  time. 

2.  I  think  that  teacher  training  should  include  instructional  applicatitnis  of  computers. 

3.  Eventually,  all  teachers  will  need  to  be  able  to  use  computers. 

4.  I  expect  to  have  a  lot  of  use  for  computers  in  my  classroom. 

5.  I  will  use  computers  many  ways  in  my  teaching,  


being  reported  by  the  BUED  snidents.  Lesson  plans,  unit 
plans  and  transparencies  were  prepared  on  the  computer 
less  than  30%  of  the  lime.  Of  the  students  who  reponed 
using  spreadsheets,  almost  the  only  utilization  was  to 
accumulate  student  marks.  Similarly,  databases  were  used 
almost  exclusively  to  enter  report  card  gi  xles  -  a  process 
that  was  mandatory  in  the  largest  school  district  in  which 
the  student  teachers  were  placed  for  their  practicum.  CAD 
programs  were  used  by  12  of  the  13  TCED  students 
during  the  pmcticum  but  other  applications,  such  as 
HyperCard,  computer  based  simulations  and  labs,  and 
MIDI  programs  were  each  used  by  only  one  or  two 
students. 

Attitudes  Tov^ard  Computer  Utilization 

Table  3  summarizes  the  mean  scores,  on  a  4-point 
Likert  scale,  for  the  attitudes  of  Anxiety,  Liking,  and 
Usefulness,  and  the  responses  to  five  questions  related  to 
the  need  for  training  and  projected  computer  use.  As  the 
data  in  this  table  indicate,  the  preservice  teacher  attitudes 
toward  the  utilization  of  computers  was  found  to  be 
generally  positive  but  with  some  variation  indicated 
among  the  subject-related  subgroups.  The  Anxiety  and 
Liking  mean  scores  of  the  HMED.  FRNL  and  ENGL 
students  were  significantly  below  the  average  means  but 
all  the  groups  rated  the  usefulness  of  computers  very  high. 
The  attitude  mean  scores  for  the  entire  group  of  105 
students  were  comparable  to  those  that  Hunt  &  Bohlin 
(1992)  reported  for  a  similar  student  population. 

All  subject  area  students  were  in  strong  agreement  that 
the  instructional  uses  of  computers  should  be  included  in 
the  education  of  teachers.  All  of  these  students  had  some 


computer  experience  and,  following  their  practicum,  were 
apparentiy  ready  for,  and  perceived  the  need  for,  addi- 
tional, specialized  training.  All  of  the  students  felt  that  the 
integration  of  computers  into  their  teaching  was  an 
efficient  use  of  their  time  and  foresaw  a  time  when 
computers  would  be  essential  tools  for  all  teachers. 
Examining  the  responses  to  these  five  statements  by 
subject  area  indicated  that  the  HMED  students  appear  to 
have  the  least  understanding  or  25)preciation  of  the 
computer's  potential  value  as  an  instructional  aid.  One 
seemingly  anomalous  finding  of  the  study  was  that, 
although  the  MSED  students  were  the  least  anxious  about 
using  computers,  they  were  next  lowest  to  the  HMED 
students  in  their  expectations  of  having  a  lot  of  use  for 
computers  in  the  classroom.  The  MSED  students,  did, 
however,  express  a  high  expectation  of  having  many 
personal  uses  of  computers. 

The  responses  to  individual  items  on  the  attitude 
survey  that  are  especially  relevant  to  the  efficacy  of 
teacher  education  programs  were  selected  for  detailed 
group  analysis.  These  items,  summarized  in  Table  4, 
relate  to  feelings  about  taking  computer  classes,  the  need 
for  insuuctional  u-aining ,  and  attitudes  toward  the  use  of 
computers  in  education.  The  responses  obtained  for 
statements  1,  2, 6  and  7  in  Table  4  are  significantly 
different  from  those  obtained  by  Hunt  and  Bohlin  (1992) 
for  their  sample  of  preservice  teachers  enrolled  in  an 
educational  computing  course,  while  the  responses  on 
statements  3,  4  and  5  are  similar.  Both  groups  were  highly 
motivated  toward  achievement  in  computer  courses  and 
felt  that  mastery  of  computers  would  be  essential  in 
getting  and  maintaining  a  teaching  position.  However, 
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Table  4 

Frequencies  of  Student  Responses  to  Selected  Statements 


Statement 

SA 

A 

u 

1 

56 

39 

1 

2 

35 

AO 

io 

4 

3 

70 

31 

% 

J 

1 

4 

39 

49 

1** 

5 

73 

o 

1 

6 
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17 

86 

7 

4 

2 

37 

62 

8 

5 

7 

40 

53 

9 

70 

27 

5 

3 

10 

61 

35 

7 

2 

11 

3 

7 

44 

51 

12 

41 

50 

9 

5 

A^o/g.  Statements  8-12  are  listed  in  Table  3  

Statements 

1.  It  wouldn't  bother  me  at  all  to  take  computer  courses. 

2.  I  would  feel  at  ease  in  a  computer  class.3.  It  is  important  to  me  to  do  well  in  computer  classes. 

4.  ril  need  a  firm  mastery  of  computers  for  my  future  work. 

5.  Knowing  how  to  wwk  with  computers  will  increase  my  job  possibilities. 

6.  I  can't  think  of  any  way  that  I  will  use  computers  in  my  career. 

7.  Working  with  computers  will  not  be  important  to  me  in  my  life's  work.  


while  Hunt  and  Bohlin's  (1992)  students  expressed 
anxiety  toward  taking  computer  courses  and  an  ^parent 
lack  of  understanding  of  the  computer's  potential  value  as 
an  instructional  aid,  the  students  in  the  present  study  felt 
at  ease  with  the  idea  of  taking  computer  courses  and 
appeared  to  appreciate  the  educational  potential  of 
computers. 

Key  Findings  and  Instructional  Implications 

1.  The  students  began  their  practicum  with  a  wide  range 
of  ccxnputer  experience  and  training. 

2.  All  of  the  students  felt  comfortable  in  their  ability  to 
use  a  word  processor  but  the  range  of  utilizing  them 
was  narrow. 

3.  The  training  in  and  use  of  ^pUcations  other  than  word 
processors  was  low  30%). 

4.  None  of  the  students  felt  prepared  to  use  database 
applications  such  as  test  generatcKS  and  data  banks. 

5.  The  students  could  all  have  profited  from  seeing 
models  of  professional  applications  of  generic 
computer  software  to  produce  unit  and  lesson  plans, 
locate  resource  materials,  to  record  student  giades  and 
to  generate  exams  from  test-item  banks. 

6.  The  computer  training  required  of  the  TCED  students 
appeared  to  result  in  a  high  level  of  computer  use 
during  their  practicum — both  as  a  professional  tool 
and  as  an  instructional  tool. 


7.  Ihe  computer  preparation  of  the  HMED  and  all  the 
humanity  students  was  very  meager  resulting  in  little 
use  of  c(Kuputers  other  than  as  a  word  processor  to 
prepare  exams  and  worksheets.  These  students  would 
be  particularly  well  served  by  more  basic  computer 
training  prior  to  their  practicum. 

8.  The  frequency  of  having  had  computer  training  in  the 
specific  teaching  disciplines  was  minimal  and  that  of 
using  computers  for  instructional  purposes  was  almost 
zero.  Only  the  TCED  and  BUED  students  £q)peared  to 
have  had  training  in  subject-specific  applications  but 
few  of  even  these  students  used  these  £q)plications  in 
the  classroom.  This  finding  indicates  a  strong  need  for 
methods  instructors  in  all  subjects  to  begin  to  intro- 
duce and  model  computer  applications  specific  to  their 
own  disciplme  areas. 

9.  Although  the  students'  use  of  computers  during  the 
practicum  was  not  extensive,  their  attiUides  toward  the 
need  for  further  computer  training  upon  completion  of 
the  practicum  were  very  positive.  It  would  seem  to  be 
important,  therefore,  to  give  all  preservice  teachers 
enough  computer  training  prior  to  their  pyracticum  to 
be  able  to  use  computers  in  some  manner  while  in  the 
school.  This  experience  may  be  instrumental  in 
overcoming  fears  toward  the  utilization  of  computers 
and  demonstrate  their  potential  as  professional  and 
instructional  tools. 


372  Tectinology  and  Teacher  Education  Annual  —  1 993 


10.  The  students  returned  from  their  practicum  with  the 
strongly  held  view  that  teacher  training  should  include 
preparation  in  the  instructional  use  of  computers  and 
that  such  use  of  computm  would  be  an  efficient  use  of 
their  time.  These  two  findings  suggest  diat  while  some 
modeling  of  instructional  uses  of  computers  should 
precede  the  practicum,  post-practicum  training  in 
computer-based  instructional  strategies  might  be 
instrumental  in  promoting  the  full  integration  of 
technology  and  education. 

Conclusion 

An  objective  of  intnxiucing  computer-based  technol- 
ogy into  education  is  to  change,  and,  hopefully,  to 
improve  the  pedagogical  process  and  product.  Preservice 
teachers  must  perceive  computers  as  integral  parts  of  the 
instructional  strategies  and  professional  activities  of 
teachers  and  become  committed  to  their  use.  The  modest 
degree  of  preparation  of  the  majority  of  the  students 
included  in  this  study  appeared  to  be  sufficient  to  encour- 
age them  to  use  computers  as  personal  tools  during  their 
practicum.  Many  of  them  returned  to  the  campus  wanting 
to  improve  their  computing  skills.  However,  few  of  the 
students  used  the  computer  as  an  instructional  or  student- 
learning  tool.  This  result  is  attributed  to  the  general  lack 
of  training  or  modeling  in  this  area.  In  addition  to  basic 
computer  preparation,  preservice  teachers  need  to  be 
taught  how  to  get  students  to  use  computers  as  production 
and  learning  tools,  and  how  to  integrate  the  computer  and 
related  technologies  into  the  instructional  strategies 
relevant  to  the  various  subject  areas.  At  the  secondary 
level,  methods  courses  provide  a  particularly  well-suited 
environment  for  the  pre-practicum  modeling  of  computer- 
based  instruction.  Such  courses  are  generally  subject- 
specific  and  fom  the  core  of  most  teacher  education 
programs.  Post-practicum  training  in  instructional 
technologies  should  also  be  subject-specific,  essentially 
advanced  methods  courses  in  which  preservice  teachers 
are  introduced  to  the  technologies  and  related  resources 
most  appropriate  to  their  specific  teaching  fields.  Within 
such  courses,  it  would  be  possible  to  utilize  a  computer- 
based,  instructional  methodology  similar  to  the  one  that 
preservice  teachers  will  be  expected  to  later  use  and  to 
show  how  to  adapt  or  develop  curriculum  to  integrate 
computers  and  related  technology. 

The  need  to  more  fully  integrate  technology  into 
teacher  education  is  currently  being  addressed  by  revi- 
sions to  structure  of  UBC's  teacher  education  program.  A 
basic  computer  applications  course  and  a  general  course 
in  educational  uses  of  computers  are  available  as  electives 
both  before  or  after  the  practicum  semester.  In  addition, 
computer-based  instructional  technology  courses  in 
Science,  Art,  Music,  English  and  Foreign  Languages  have 
been  established  as  electives  in  the  third  term.  Students 


can  also  elect  one  of  several  programming  courses, 
including  one  based  upon  HyperCard.  As  resources 
permit,  the  goal  is  to  provide  all  preservice  teachers  with 
an  education  that  integrates  teaching  with  computers  and 
related  technologies. 
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Inlroduction 

The  inevitability  of  computers  in  society  presents  all 
educators  with  enormous  challenge  and  opportu 
nity.  The  challenge  is  to  educate  for  a  future  in  a 
technology  cenued  information  age  -  the  opportunity  is  to 
apply  technology  to  revolutionize  the  process  of  educa- 
tion. Integrating  computers  and  related  technologies  into 
the  teaching  learning  environment,  however,  is  challeng- 
ing and  teachers  must  be  well  prepared  to  meet  this 
objective.  But  what  does  the  prospective  teacher  need  to 
know  about  computering  technology  and  how  best  can 
this  knowing  be  accomplished  about?  After  presenting 
contemporary  opinion  on  the  goals,  nature,  and  content  of 
computer  education  for  teachers,  this  paper  will  focus  on 
the  importance  of  advocacy  and  role  modeling  in  the 
integration  of  computers  into  the  teaching/learning 
environment.  As  a  consequence  of  direct  experiences  with 
the  teacher  preparation  programme  at  Canada*  s  second 
largest  university*  this  presentation  will  illuminate 
specific  examples  of  how  teachers  and  teacher  trainers 
can  successfully  integrate  computers  into  classroom 
learning  and  role  model  the  use  of  computers  in  teaching. 

Ihe  Nature  and  Content  of  Computer  Education 
for  Teachers 

Goals  of  computer  education 

Much  has  been  written  on  this  topic.  Recently,  Bitter 
and  Yohe  (1989)  asserted  that  a  teacher*s  knowledge 
about  technology  must  go  beyond  the  hands-on  experi- 
ences to  an  understanding  of  the  conceptual;  and  they 
defined  the  broad  goals  of  computer  literacy  education  as 
follows: 

1)  teachers  must  be  proficient,  critical  users  of  current 
educational  technologies,  including  recognition  of 
their  limitations  and  future  possibilities. 

2)  teachers  need  a  broad  education  in  order  to  determine 
the  applications  of  changes  and  innovations  in 
technology  from  more  than  one  perspective. 

3)  teachers  must  be  competent  designers  of  instructional 
systems  which  will  enable  them  to  assist  their  students 
to  become  critical  thinkers. 

These  authors  correctly  note  that  concepts  change  less 
rapidly  than  technical  knowledge.  By  contrast,  Davis 
(1992)  relates  four  key  reconunendations  of  a  United 
Kingdom  government-sponsored  working  group  which 
have  been  incorporated  within  the  criteria  for  teacher 
acaeditation.  Stated  in  the  form  of  the  outcomes  of 
teacher  training,  these  four  are  that  students  (i.e.  pre- 
service  teachers)  shoulu  be  able  to: 
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1)  make  confident  use  of  a  range  of  software  packages 
and  information  technology  devices  appropriate  to 
their  subject  specialism  and  age  range; 

2)  reviewcritically  the  relevance  of  software  packages 
and  information  technology  devices  appropriate  to 
their  subject  specialism  and  age  range  and  judge  the 
potential  value  of  these  in  the  classroom; 

3)  make  constructive  use  of  information  technology  in 
their  teaching  and  in  particular  prepare  and  put  into 
effect  schemes  of  work  incorporating  appropriate  uses 
of  information  technology; 

4)  evaluate  the  ways  in  which  the  use  of  information 
technology  changes  the  nature  of  teaching  and 
learning. 

Guiding  principles  for  teacher  training 

In  a  fairly  recent  study  of  computer  literacy  education 
programs  for  teachers,  Taylor  (1988)  identified  five 
recurring  maxims  which  he  advocated  should  be  kept  in 
mind  during  the  design  of  computer  literacy  education 
programs  for  teachers.  These  maxims  are: 

1)  make  sure  the  analogic  leap  required  of  the  trainees  is 
of  a  type  and  size  they  are  capable  of  making. 

2)  don't  give  up  on  teaching  prograiruning  just  because 
so  far  it  has  not  worked  too  well. 

3)  train  trainees  as  you  want  them  in  their  turn  to  train 
their  students. 

4)  use  technology  in  a  myriad  of  ways  in  the  training 
course. 

5)  capitalize  on  the  opportunity  technology  presents  to 
make  changes  where  appropriate  in  the  curriculum. 

The  content  of  computer  education 

A  spectrum  of  opinion  exists  on  the  content  of 
computer  literacy  education  for  teachers.  In  attempting  to 
define  the  specifics  of  a  cuniculum,  Troyer  (1988) 
studied  forty-three  sources  containing  recommendations 
for  the  content  of  computer  education  for  teachers  in  a 
search  for  commonalities.  The  six  most  frequently 
mentioned  topics  were: 

1)  computer  operation  and  structure 

2)  educational  applications  of  computers 

3)  software/courseware  evaluation 

4)  impact  of  computers  on  society  and  education 

5)  applications  packages  (word  processor,  database,  and 
spreadsheet) 

6)  elements  of  programming  (reading  and  writing  simple 
programs) 

In  light  of  the  evolving  importance  of  access  to 
information  in  society,  Spiel vogel  (1988)  appropriately 


recommends  the  inclusion  of  a  component  on  telecommu- 
nications.  In  contrast,  the  interest  and  emphasis  placed  on 
programming  has  declined. 

The  delivery  of  computer  education 

Heidt  and  Poirot  (1988)  recommend  that  computer 
courses  for  teachers  be  taught  by  those  who  are  appropri- 
ately qualified.  In  the  case  of  the  computing  science 
teacher,  appropriate  qualification  is  seen  to  imply  pre- 
college  teaching  experience.  In  the  case  of  education 
faculty,  formal  work  in  computer  education  and  demon- 
strated experience  with  the  use  of  the  computer  as  an 
educational  tool  are  suggested. 

Not  surprisingly,  consensus  of  infonned  opinion 
favours  a  hands-on  approach  to  the  achievement  of 
computer  literacy.  Watt  (1988)  captures  this  sentiment  in 
citing  the  ancient  wisdom:  "I  hear  and  I  forget,  I  see  and  I 
remember,  I  do  and  I  understand." 

A  Persp0ctiv«  from  the  University  of  Alberto 

With  approximately  25,000  students,  the  University  of 
Alberta  is  Canada's  second  largest  university.  At  any 
point  in  time,  there  are  about  4,000  students  registered  in 
its  Faculty  of  Education.  In  1986,  the  University  of 
Alberta  acknowledged  the  importance  of  computers  to 
education  by  requiring  ail  future  graduates  from  its 
Bachelor  of  Education  program  to  include  at  least  one 
three-credit  computer  course  in  their  programs;  "Introduc- 
tion to  Microcomputers  in  Education"  (IME),  offered  by 
the  Faculty  of  Education,  is  one  of  two  courses  through 
which  this  requirement  is  typically  met.  Reflecting  many 
of  the  characteristics  of  computer  literacy  education  for 
teachers  presented  earlier,  this  course  is  at  the  introduc- 
tory level,  is  practically  oriented,  reflects  applications 
(rather  than  programming),  and  features  two  types  of 
computer.  The  overriding  objective  is  that  students  have  a 
positive  and  successful  first  experience  with  the  com- 
puter— being  able  to  do  something  with  the  computer  is  a 
primary  outcome.  The  achievement  of  this  outcome  is 
guided  by  what  is  considered  by  the  author  to  be  one  of 
the  most  eloquent,  timeless,  yet  concise  definitions  of 
computer  literacy,  notably  that  "computer  literacy  is  a 
contact  with  the  activity  of  computing  deep  enough  to 
make  the  computational  equivalent  of  reading  and  writing 
fluent  and  enjoyable"  (Kay,  1984).  The  course  includes 
lecture  time  and  lab  time,  covering  the  following  topics: 

•  computers  use  in  the  schools 

•  educational  applications  of  computers 

•  what  is  a  computer  system? 

•  the  operating  system  -  what  it  is  and  what  it  does 

•  historical  development  of  the  computer 

•  evaluation  of  courseware 

•  morals  and  ethics  of  computer  use 
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•  computer  applications  I  -  computer  as  a  tool 

(problemsolving/productivity) 

•  computer  applications  II  -  other  applications  (includ- 
ing CBl) 

•  access  to  information  &  telecommunications 

Upon  completion  of  IME  or  an  approved  equivalent, 
students  can  choose  from  a  variety  of  targeted  courses 
including  a  naiuial  sequel  to  IME  called  "Application  of 
MiCTOComputers  in  Education"  (AME).  AME  provides 
students  with  a  hands-on  opportunity  to  explore  the 
Instructional  potential  of  desktop  publishing  and  sophisti- 
cated authoring  tooui  such  as  hypermedia  and  authoring 
systems.  The  delivery  of  IME  and  AME  strongly  sub- 
scribe to  the  philosophy  tiiat  faculty  involved  wiUi  Uie 
delivery  of  computer  education  should  role  model  the 
effective  use  of  Uie  technology. 


Advocating  and  Role  ModoHng  \ts  Use  of 
CofYiputers 

Rationale  for,  and  meaning  of,  advocacy  and 
rote  modeling 

There  is  a  growing  concensus  ti^at  the  integration  of 
information  technology  into  the  teaching/learning 
environment  can  be  addressed  through  advocating  and 
role  modeling  the  use  of  technology  during  the  deUvery  of 
computer  education  to  teachers.  But  what  is  meant  by 
advocacy  and  role  modeling?  Advocacy  implies  showing 
others  how  technology  can  be  applied  to  advantage  in 
their  teaching;  role  modeling,  by  contrast,  is  using 
technology  to  achieve  this  objective  as  well  as  demon- 
strating the  personal  and  professional  benefit  to  be 
derived  from  its  use.  Defined  this  way,  the  desirability 
and  importance  of  advocacy  and  role  modeling  seems 
self-evident.  This  sentiment  has  been  captured  by  a 
number  of  observers  including  Cooler  (1989)  who  makes 
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Figure  1 

Role  modeling  of  computer  use  by  educotors 
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the  point  that  "intuitively,  it  seems  obvious  that  teachers 
will  use  technologies  only  to  the  extent  that  they  are 
familiar  and  comfortable  with  the  tecbnologies."  He  goes 
on  to  undercsore  the  importance  of  role  modeling  by 
stating  that  "the  initial  mindsets  and  comfort  level  of  the 
new  teacher  are  formed  during  the  undergraduate  experi- 
ence, and  may  be  carried  over  to  the  professional  life  of 
the  teacher.'*  In  the  past,  leaders  in  educational  computing 
have  been  very  good  at  espousing  and  even  mandating  the 
integration  of  computers  into  teaching  and  learning  but 
less  effective  at  bringing  it  about. 

Examples  of  advocacy  and  role  modeling 

Role  modeling  and  advocacy  of  computer  use  can 
occur  in  both  the  professional  and  personal  domains  aiid 
while  the  fact  that  the  use  of  computers  in  personal  life  is 
in  itself  a  strong  indicator  of  advocacy,  this  paper  empha- 
sizes professional  role  modeling. 

Some  of  the  ways  in  which  a  teacber  educator  can  role 
model  the  use  of  computers  and  related  technologies  are 
shown  in  Figure  1 .  For  the  purpose  of  discussion,  the  term 


educator  is  used  in  an  inclusive  manner. 

Curriculum  development,  publication,  and  audiovisual 
support  materials.  One  of  the  most  natural  ways  in  which 
a  teacher  educator  can  role  model  the  use  of  information 
technology  is  through  the  development  of  mstructional 
resources.  The  IME  course  described  earlier  is  supported 
ahnost  exclusively  by  instructor  developed  resources 
including  tutorials,  audiovisuals  and  demonstration 
materials.  To  reinforce  the  commitment  to  advocacy  and 
role  modeling,  ail  resources  were  developed  by  applying 
the  same  hardware  and  software  that  the  students  learn 
about  in  the  course  and  which  are  prevalent  in  the 
schools. 

For  the  educator  with  research  and  writing  responsi- 
bilities, the  development  of  publications  provides  a 
further  opportunity  to  role  model  the  use  of  both  com- 
puter and  ccmununications  technologies.  This  paper,  for 
example,  was  produced  using  productivity  software  in 
conjunction  with  readily  available  screen  image  capturing 
utilities. 

Audiovisual  support  materials  can  be  effectively 
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produced  using  computers.  Figure  1  above  is  actually  a 
template  for  a  simple,  yet  fairly  aesthetic^  overhead 
transparency  wbicb  was  easily  produced  by  using  tlie 
potential  of  an  inexpensive  integrated  software  package  as 
opposed  to  using  more  expensive  and  narrowly  targeted 
presentation  software. 

Demonstrations/simulations.  There  are  a  myriad  of 
ways  in  which  the  computer  can  be  used  in  a  demonstra- 
tion mode  -  computer  technology  is  very  prominent  in  the 
delivery  of  both  the  IME  and  AME  courses.  One  further 
example  is  presented  here.  In  the  area  of  mathematics, 
students  are  taught  a  variety  of  methods  of  finding  the 
roots  of  equations  ranging  from  factoring  to  synthetic 
division.  Very  often,  however,  equations  do  not  have 
''nice  roots"  and  thus  defy  algorithmically  based  solu- 
tions. In  such  instances,  a  simple  spreadsheet,  with  or 
without  plotting  capability,  can  provide  the  teacher  with  a 
viable  method  of  demonstrating  how  to  estimate  the  roots 
of  equations. 

Using  the  graphics  capability  of  the  spreadsheet  to 
plot  the  graph  of  the  equation  shows  the  roots  clearly. 

Problem  solving.  There  are  a  multitude  of  ways  to  use 
the  computer  in  problem  solving  situations  both  for 
teachers  and  for  their  students.  The  single  example 
described  here  might  be  assigned  to  students  who  have 
prior  knowledge  of  the  use  of  spreadsheets.  Specifically, 
the  problem  is  to  generate  a  spreadsheet  which  will 
automatically  pick  four  natural  numbers  between  one  and 
ten.  The  problem  can  be  solved  with  varying  degrees  of 
proficiency  according  to  the  extent  to  which  the  solutions 
address  the  question  of  repeated  number  selection.  Figure 
2  shows  two  potential  solutions. 

The  simpler  of  the  two  solutions  is  in  cells  Al  to  A4. 
All  this  solution  does  is  to  employ  the  spreadsheet's 
random  number  generator  to  pick  a  number  between  one 
and  ten — the  prospect  of  selecting  repeated  numbers  is 
not  dealt  with  at  all.  The  more  sophisticated  solution  (in 
the  block  of  cells  A8-G16)  also  does  not  avoid  the 
selection  of  repeated  numbers  but  it  does  check  for  their 
presence  and  will  not  print  the  selection  in  the  dark- 
bordered  box  unless  the  four  numbers  are  unique. 
Students  may  come  up  with  one  of  many  minor  variations 
on  the  more  sophisticated  of  the  two  solutions.  The  most 
sophisticated  solution  might  employ  the  use  of  macros  to 
ensure  that  the  four  numbers  are  not  printed  at  all  unless 
they  are  unique.  The  solution  to  the  random  number 
problem  might  be  of  interest  to  those  whose  retirement 
plans  are  rooted  in  winning  lotteries.  Regardless,  the 
problem  offws  an  interesting  way  for  students  to  hone 
their  problem  solving  skills. 

Instructor  uses  of  the  computer  for  problem  solving 
and  iiiStructional  support  abound  but  the  development^  of 


spreadsheet  alternatives  which,  among  other  things, 
automatically  assign  stanine  grades  without  the  use  of 
logical  ''and/or'*  fiincticms  provides  an  interesting  ex- 
ample. 

Communications,  Infornration  technology  can  be  used 
by  educators  in  a  variety  of  ways  for  electronic  communi- 
cation with  peers  and  colleagues.  A  more  down-to-earth 
application,  however,  is  for  teachers  to  use  computers  to 
enhance  the  quality  of  communication  with  their  students. 
Typically,  such  communication  is  non-electronic:  for 
example,  the  merging  of  marks  from  a  database  into  a 
customized  reports  to  students.  Students  not  only  appreci- 
ate such  communication  but,  importantly,  are  likely  to 
acknowledge  it  as  an  appropriate  use  of  the  technology. 

Instruction,  Advocating  and  rok  modeling  the  use  of 
computers  for  the  delivery  of  instruction  is  relatively  easy 
-  many  successful  precedents  exist.  Aside  from  the  many 
and  diverse  ways  of  using  the  computer  as  a  tool,  there 
are  sophisticted  authoring  tools  such  as  hypermedia  and 
authoring  systems  -  in  addition  to  offering  the  capability 
to  present  inforaiation,  these  applications  often  offer 
interactive  methods  of  evaluating  student  learning.  It  is 
not  easy  to  demonstrate  the  power  and  potential  of 
authoring  tools  in  the  print  media;  Figure  3,  however,  an 
extraction  from  a  screen  in  an  authoring  system  assign- 
ment in  the  AHE  course  depicts  a  "move  and  match" 
question  which  depends  on  the  interactive  potential 
afforded  by  computers. 

Instructional  support/Personal  productivity.  Many  of 
the  examples  discussed  under  previous  headings  refiect 
the  role  modeling  of  computer  use  for  instructional 
support/personal  productivity.  The  use  of  spreadsheets  to 
compute  course  final  marks  and  to  automatically  convert 
these  to  stanine  grades  for  a  sUident  enrollment  of  140 
requires  little  or  no  justification — suffice  it  to  say  that  this 
use  ensures  that  first  semester  courses  can  be  completed 
before  second  semester  courses  begin. 

Discussion 

While  the  opportunities  to  advocate  and  role  model 
the  use  of  infonnation  technology  in  the  computer  literacy 
education  of  teachers  abound,  there  are  some  who  have 
expressed  pessimism  that  this  will  occur  soon  -  particu- 
larly in  university  programs.  Cooler  (1989),  for  example, 
has  conjectured  that  very  little  role  modeling  in  the  use  of 
technology  goes  on  in  the  university  and  states  that  "as  a 
general  nile,  teacher  preparation  classes  tend  to  be  taught 
quUe  free  of  instructional  technologies,  particularly  the 
emerging  information  technology  systems  students  may 
be  urged  to  leam  about.**  He  observes  that  the  curricular 
location  of  the  technology  training  component  says  ?  lot 
about  the  institutions*  perspectives  on  the  area  and  goes 
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Two  of  the  three  items  shown  above  are  standard  equipment  on 
all  pickups  in  Boomtown.  Identify  the  two  by  clicking  and 
dragging  each  item  to  its  most  likely  position  on  the  pickup. 


Figure  3 

Example  of  an  authoring  system,  move  and  match  screen  Image 


on  to  remark  that  in  many  cases  "professors  identified  as 
instructional  technologists  in  a  school  of  education  have 
little  involvement  in  (and  no  discernible  influence  on) 
preservice  teacher  preparation  programs."  Hopefully  this 
has  changed. 

The  desirability  ot  role  modeling  was  recently 
reiterated  by  Kennedy  (1991)  who  states  that  "teachers 
are  highly  likely  to  teach  in  the  way  they  themselves  were 
taught." 

One  very  positive  thing  that  has  occurred  over  the 
course  of  time  is  that,  in  the  universities  at  least,  computer 
education  is  being  offered  at  ever  decreasing  course 
levels.  Two  important  points  are  implied  by  this,  flrsUy, 
that  computer  knowledge  is  of  wide  ranging  importance 
and  secondly,  that  such  knowledge  should  be  acquired 
early  in  a  student's  program.  Wright  (1992)  notes  two 
obvious  benefits  of  this  trend  for  prospective  teachers, 
notably  \hsii\ 

1)  the  earlier  that  a  student  learns  about  information 
technology,  the  sooner  s/he  can  personally  reap  the 
benefits. 


2)  the  greater  the  number  of  positive/beneficial  interac- 
tions that  the  students  have  with  computers,  the  more 
likely  they  are  to  both  advocate  and  role  model  their 
effective  application. 
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Teacher  education  is  once  again  at  the  forefront  of 
tbe  educational  reform  agenda  (Goodlad,  Sodcr, 
&  Sirontnik,  1990),  One  cuitent  issue  in  teacher 
education  deals  with  computer  education  for  prospective 
teachers.  A  legion  of  technology  educators  (Dupagne  & 
Krcndl,  1992;  Hannafin  &  Peck,  1988;  Meblinger,  1989; 
Moursund,  1989)  as  well  as  a  host  of  national  reports 
(National  Task  Force  on  Educational  Technology,  1986; 
Office  of  Technology  Assessment,  1988;  Sununu,  1986) 
have  called  on  schools  of  education  to  increase  technol- 
ogy training  during  preservice  teacher  education,  Pres- 
ently 23  states  and  the  District  of  Columbia  require 
teachers  to  have  at  least  some  training  in  microcomputer 
use  to  become  certified  (Bruder,  1989),  Many  college 
programs  of  teacher  education  have  developed  courses  in 
computer  education  in  reaction  to  such  reports  and 
certification  trends  (Kull  &  Archambault,  1984),  CriUcs 
of  such  courses  charge  that  the  typical  educational 
c(Mnputer  course  used  to  prepare  classroom  teachers  fail 
to  remember  one  of  the  central  lessons  of  our  previous 
experiences  with  technologies  in  education:  that  teachers 
in  general  did  not  leam  enough  about  the  machines  to  be 
able  to  integrate  them  into  their  classrooms  (Wagschal, 
1984;  Komoski,  1987;  Gayeski,  1989), 

It  is  difficult  to  comprehend  how  anything  can  be 
improved  significantly  unless  its  present  sitiiation  is 
thoroughly  understood  by  those  seeking  change.  To  help 
gain  such  understanding,  the  following  study  investigated 
one  cuiTent  computer  education  effort  by  describing  and 
inteipreting  the  perspectives  of  three  of  the  preservice 
teachers  enrolled  in  it. 


Dosign  of  the  Study 

The  respondents  whose  perceiHions  formed  the  foces 
of  the  study  were  three  e'  -mentary  preservice  teachers 
eru-olled  at  a  large  researc  university  located  in  the  East, 
Intensity  sampling  (Patton,  1990)  was  used  to  select  the 
respondents. 

Qualitative  case  study  methodology  (Merriam,  1988) 
based  on  the  naturalistic  paradigm  (Lincohi  &  Guba, 
1985)  was  the  mode  of  inquiry.  Data  was  collected 
tlirough  participant  observation  (Spradley,  1980),  during 
which  the  researcher  attended  each  class  with  the  respon- 
dents in  the  role  of  researcher  participant  (Gans,  1982), 
through  semistructured  (Borg  &  Gall,  1989)  and  ethno- 
graphic interviews  (Spradley,  1979),  and  through  analysis 
of  course  related  documents  and  student  made  artifacts 
(Goetz  &  LeComple,  1984).  The  researcher  used  the 
inductive  data  analysis  procedure  described  by  Lincohi 
and  Guba  (1985)  to  interpret  the  data. 

Presentation  ond  Interpretotion  of  Cose  Data 

The  first  Tespondent,Tess,  described  herself  at  the 
beginning  of  the  study  as  computer  novice  who  was 
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"rcally  computer  illiterate**  aiid  "scared  to  death**  about 
computers.  She  staled  that  she  preferred  to  use  her 
typewriter  to  complete  required  assignments.  Her  early 
perspective  about  the  use  of  computer  technology  in 
education  was  that  computers  were  being  integraie<l  more 
and  more  into  the  classroom.  She  felt  she  had  an  obliga- 
tion as  a  fledging  educator  to  leam  at  ut  the  technology 
so  she  could  inttoduce  it  to  her  students  m  the  "proper 
way/*  Tess  had  received  very  limited  contact  with 
computers  or  technology  in  general  *      education  to 
this  point.  This  lack  of  technology  kru    .dge  made  going 
to  the  computer  lab  an  intimidating  experience  for  her. 
Though  fearful,  she  felt  confident  enough  in  her  ability  to 
leam,  and  sec  the  goal  of  beconung  a  "computer  wiz.** 
Though  early  class  sessions  proved  initially  nerve 
wracking  and  overwhelming  for  Tess,  the  researcher 
observed  a  pattern  of  growing  self-confidence  in  the  area 
of  computer  use.  She  was  eventually  able  to  use  the 
computer  lab  by  herself  and  complete  an  assignment.  As 
classes  progressed,  the  researcher  noted  that  Tess  slowly 
moved  from  a  passive  and  uncertain  receiver  of  informa- 
tion on  computer  use.  to  an  active  guide  and  helper  to 
others  in  the  class.  These  critical  incidents  had  a  great 
impact  on  her  personal  self-confidence  as  a  computer 
user. 

Though  initially  unwilling  to  give  up  tlie  comfort  of 
her  friendly  typewriter,  Tess  progres.  v\  during  the  study 
to  the  stage  where  she  was  using  the  computer  exclusively 
to  complete  her  college  assignments,  even  though  ihe  did 
not  have  personal  access  to  a  computer  other  those  in  the 
college. 

As  the  various  applications  were  presented  during  the 
course.  Tess  continually  returned  to  the  theme  of  how  she 
could  use  the  applications  to  have  fun  with  her  future 
students.  She  consistently  viewed  each  new  application 
through  a  lens  of  aeative  action,  and  was  more  drawn  to 
the  programs  that  she  felt  either  she  or  her  future  students 
could  use  in  a  fun  and  creative  way.  Tess  viewed  tlie 
computer  as  a  tool  that  could  be  used  to  enhance  her 
teaching  ability  and  the  learning  potential  of  her  students, 
but  not  as  a  replacement  for  the  teacher. 

The  researcher  also  observed  that  the  way  the  class 
was  structured  did  not  match  Tess*s  preferred  style  for 
learning  about  the  technology.  The  class  generally  offered 
whole  group  mstruction  with  only  occasional  breaks  for 
student  questions  and  time  to  allow  for  students  who  had 
fallen  behind  to  catch  up.  What  Tess  preferred  was  for 
someone  to  sit  down  with  her  individually  and  guide  her 
through  each  step  of  an  application.  She  did  mi  want  to 
misunderstand  a  step  or  fall  behind  in  a  procedure, 
because  this  led  her  to  a  feeling  of  frustration  and  intimi- 
dation. 

Though  not  living  up  to  all  of  her  personal  expecta- 
tions, the  course  did  alter  Tess's  perspective  about 


computers.  She  no  longer  feived  computers  or  lhi».  lab 
setting,  and  by  the  end  of  the  course  was  actually  using 
computers  in  that  context  as  a  ^^rsonal  tool.  She  viewed 
herself  as  someone  who  now  had  enough  of  a  general 
understanding  about  computers  and  their  various  applica- 
tions to  feel  some  confideivce  about  using  them  wiUi  her 
students  in  a  future  classroom.  Though  feeling  more 
comfortable,  she  stUl  harbored  doubts  about  her  profi- 
ciency with  the  technology.  Her  intent  to  purchase  her 
own  personal  computer  so  that  she  will  have  unlimited 
access  for  practice  and  experimentation,  as  well  as  having 
access  to  someone  to  answer  questions  and  offer  sugges- 
tions, will  be  her  solutions  to  this  issue.  It  is  the 
researcher's  assertion  that  given  access  to  the  technology 
in  her  future  school  setting,  as  well  as  the  availability  of 
someone  knowledgeable  about  computers  to  act  as  a 
guide  or  mentor,  Tess  will  use  computers  with  her 
students  in  ways  that  she  feels  are  creative  and  fun  and 
that  enhance  learning  for  both  the  student  and  the  teacher. 

Laura,  the  second  respondent,  described  herself  at  the 
beginning  of  the  study  as  an  occasional  computer  user 
who  was  familiar  wiUi  word  processing,  but  felt  that  she 
actually  knew  very  little  about  the  technology.  She 
confessed  to  having  a  "really  big  fear"  of  computers  and 
wanted  to  tike  the  course  to  "get  rid  of  her  phobia."  She 
felt  that  there  would  probably  be  a  computer  in  her  luture 
classroom  and  tliat  the  kids  would  probably  know  how  to 
run  it,  ^he  didn*t  want  to  "go  in  there  and  look  stupid"  in 
front  of  the  children.  She  also  acknowledged  her  percep- 
tion that  taking  such  a  computer  course  as  part  of  her 
teacher  preparation  would  give  her  an  advantage  in  a 
COTipetiti ve  job  market. 

The  researcher  obsei^ved  and  the  respondent  confirmed 
an  initial  pattern  of  boredom  during  the  first  several  class 
sessions.  These  sessions  dealt  with  topics  tlie  respondent 
was  already  familiar  and  confident  with.  She  felt  that 
these  initial  sessions  went  too  slow  for  her.  that  she  spent 
too  much  time  waiting  for  others  in  the  class  to  catch  up. 
and  that  the  early  assignments  were  too  easy  to  complete 
and  thus  unmotivating. 

Throughout  the  course  of  the  study,  the  researcher 
observed  a  pattern  of  Laura  pickmg  out  and  valuing  what 
she  perceived  to  be  the  practical  examples  of  applications 
that  might  save  her  time  as  a  future  teacher.  For  example, 
being  able  to  save  documents  for  future  use  with  maybe  a 
slight  alteration,  such  as  a  welcoming  letter  to  parents  that 
could  be  "recyclable"  from  year  to  year  by  simply 
changing  the  date,  was  a  feature  of  computer  use  Laura 
found  highly  desirable.  On  the  other  hand,  she  did  not 
want  to  "make  a  project  out  of  everything  that  I  do."  For 
example,  she  did  not  want  to  spend  "thousands  of  hours** 
trying  to  figure  out  how  to  use  a  graphics  program  to 
make  a  design  or  picture  that  might  be  easier  to  simply 
CTeate  by  hand.  As  she  commented  during  the  last  class 
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session  during  a  di scustdon  on  how  the  course  had 
prepared  the  class  to  be  teachers,  computers  will  "make 
life  easier — we  can  concentrate  on  lessons  instead  of 
figuring  out  grades." 

The  researcher  also  observed  that  the  way  the  class 
assignments  were  structured  did  not  match  Laura's 
preferred  style  for  learning  more  about  the  technology. 
Laura  felt  she  would  have  learned  more  effectively  from 
more  in-depth  assignments  that  made  her  rethink  how  to 
use  the  various  applications  in  new  or  different  ways, 
rather  than  assignments  that  she  perceived  just  "regurgi- 
tated** what  was  done  in  class. 

Though  not  living  up  to  all  of  her  personal  expecta- 
tions, the  course  did  alter  Laura's  perspective  about 
computers.  She  no  longer  felt  "phobic"  about  them, 
perceived  computers  as  now  being  her  "friends",  and  felt 
that  computers  were  more  "conquerable*'  for  her  than  she 
had  oiiginally  envisioned.  She  admitted  to  feeling  more 
"comfortable"  with  computers  and  less  "nervous"  about 
using  the  teclmology  and  also  reported  that  she  found 
herself  going  to  the  computer  lab  more  often  to  meet  her 
personal  needs.  However,  she  still  shared  doubts  about 
her  effectiveness  to  share  her  computer  knowledge  with 
her  future  students.  She  thought  she  would  be  more 
willing  to  try  new  programs  with  the  children  if  she  had 
"someone  there  to  explain  the  program  to  me  first  and 
leave  a  guide  book,"  or  had  a  "computer  wiz  student"  in 
the  classroom  to  assist  her.  It  is  the  researcher's  percep- 
tion tliat  without  such  assistance  in  the  future,  Laura  will 
probably  continue  to  use  computers  as  a  personal  tool,  but 
may  not  feel  proficient  enough  to  use  the  technology  with 
her  students  as  an  instructional  tool. 

Elizabeth,  the  third  respondent,  described  herself  as  an 
experienced  computer  user  who  "had  been  living  with 
computers  ever  since  they  came  out."  She  reported  that 
she  had  learned  much  about  computers  from  her  father, 
who  she  described  as  a  computer  wiz.  She  felt  very 
confident  and  positive  about  using  ilie  computer,  and 
viewed  the  computer  course  as  just  another  graO  iation 
requirement  that  needed  to  be  met. 

When  Elizabeth  did  attend  class  sessions  to  observe 
and  follow  the  instructor  in  the  application  of  a  piece  of 
software,  the  researcher  observed  a  pattern  of  frustration 
and  boredom.  Elizabeth  was  very  quick  to  pick  up  on 
whatever  the  instructor  was  demonstrating,  and  often 
intuitively  jumped  several  steps  ahead  m  a  program 
before  being  given  specific  instructions  to  do  so.  The 
researcher  noted  that  she  was  continually  waiting  for  the 
rest  of  the  class  up  to  catch  up.  She  also  was  disappointed 
that  the  course  did  not  live  up  to  her  preconceptions  as  an 
independent  study  for  those  who  had  their  own  comput- 
ers, and  that  the  software  needed  to  complete  the  course 
was  only  available  for  use  tlm)ugh  the  university  com- 
puter labs.  Instead,  Elizabeth  wanted  to  use  her  personal 


computer  so  she  could  go  at  her  own  pace,  which  she 
perceived  as  "quite  faster"  than  the  pace  in  the  class 
setting,  and  preferred  instead  to  "play  with  the  programs 
and  figure  them  out"  on  her  own. 

Another  theme  ttiat  emerged  from  the  data  was 
Elizabeth's  negative  view  of  the  futuie  usefuhiess  of 
many  of  the  software  applications  that  were  inU'oduced 
during  the  course.  Though  she  perceived  herself  as 
"defmitely"  using  and  "living  with"  a  word  processor  to 
store  lesson  plans  and  make  up  tests,  and  "possibly*'  using 
a  spreadsheet  to  keep  student  grades,  she  viewed  other 
uses  and  applications  as  "a  lot  of  work"  or  "too  much 
Ux)uble."  Elizabeth  was  looking  for  ways  for  the  computer 
to  save  her  time  and  energy  in  her  future  teaching  career, 
and  clearly  wasn't  interested  in  applications  that  she 
perceived  would  complicate  simple  tasks.  As  she  con- 
cluded, she  was  "just  not  very  motivated  to  use  all  kinds 
of  computer  programs." 

Though  not  motivating  her  to  use  various  computer 
programs,  Elizabeth  did  feel  that  the  course  altered  her 
perspective  about  computers  in  education.  She  felt  that 
what  she  learned  in  the  course  added  to  and  strengthened 
her  initial  confidence  with  tlie  technology.  She  also 
reported  that  she  now  saw  more  of  a  need  far  computers 
in  the  classroom,  and  for  teachers  to  be  educated  as  to 
how  to  use  the  technology.  She  had  come  to  the  under- 
standing that  "some  people  don't  know  about  computers 
at  all"  a  concept  which  she  initially  found  "hard  to 
believe."  Instead  of  having  a  "whatever"  attitude,  she  now 
strongly  felt  that  future  teactiers  should  "be  educated  in 
computer  use." 

It  is  the  researcher's  perception  that  Elizabeth  will 
continue  to  use  her  computer  as  a  personal  tool  in  the 
future  but  in  a  limited  way,  most  probably  for  only  the 
word  processing  application.  Using  the  technology  with 
students  in  her  classroom  will  depend  upon  whether  she 
finds  the  use  easy  to  accomplish  or  as  an  actual  time  or 
energy  saver  when  compared  to  more  Uaditional  means  of 
instruction. 

Implications  ond  Rocommendatior^ 

The  perceptions  of  the  respondents  in  this  study  seem 
to  support  the  notion  that  present  course  offerings  in 
computer  use  for  educators  present  too  narrow  a  technical 
focus  and  do  not  question  "the  broader  educational  value 
and  significance  of  computers"  (CalUster  &  Burbules, 
1990,  p.4).  The  themes  and  patterns  that  emerged  from 
the  suidy  are  also  consistent  with  the  U.  S.  Office  of 
Technology  Assessment  (1988)  report  that  stated  that 
when  those  now  teaching  or  planning  to  teach  receive 
computer  training,  much  of  the  time  is  focused  on 
learning  about  computers  and  not  learning  how  to  teach 
with  computers.  The  report  concluded  that  such  programs 
are  a  beginning,  but  not  enough  to  prepare  teachers  to  use 
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computers  in  a  wide  range  of  classroom  applications.  The 
findings  from  the  current  study  suggest  the  same. 

The  findings  are  also  congruent  with  the  literature  that 
suggests  thai  individuals  must  pass  through  a  variety  of 
levels  or  stages  of  use  before  adopting  an  innovation. 
Hall,  Loucks,  Rutherford,  andNewlove  (1975)  identified 
seven  such  levels  of  use.  The  data  from  the  cunent  case 
studies  suggest  thai  at  the  end  of  the  study  all  three 
respondents  were  at  Level  Hi-Mechanical  Use.  The  user 
of  the  innovation  at  this  level  is  described  as  being  m  a 
state  where  the  user  focuses  most  of  his  or  her  efforts  on 
the  short-term,  day-to-day  use  of  the  mnovaUon  with  little 
time  for  reflection.  They  are  looking  for  uses  more  to 
meet  the  user's  needs  than  the  needs  of  students  or  others. 
The  user  is  further  described  as  primarily  engaged  in  an 
attempt  to  master  tasks  required  to  use  the  innovation, 
with  these  attempts  often  resulting  in  disjointed  and 
superficial  use. 

Reiber  and  Welliver  (1989)  have  also  identified  five 
levels  of  technological  usage  that  the  computer  user  must 
pass  through.  These  stages  are  familiarizaUon,  utilization, 
integration,  reorientation,  and  evolution.  The  themes  that 
emerged  from  the  present  case  study  suggests  that  the 
respondents  have  passed  from  the  familiarization  stage 
into  the  beginnings  of  the  utilization  stage,  though  they 
still  harbor  some  doubts  abou^  *He  benefits  of  the  technol- 
ogy. The  findings  also  imply  tnat  more  contact  with 
computers  in  a  variety  of  experiences  must  occur  if 
preservice  teachers  are  to  pass  on  to  the  desired  higher 
levels  of  technology  use. 

The  implications  presented  suggest  that  teacher 
educators  must  revise  their  current  technology  trainmg 
programs  if  preservice  teachers  are  to  successfully  use 
computers  with  their  futme  students.  Following  are  some 
recommendations  for  practice.  It  should  be  noted  that 
these  recommendations  should  be  used  together  as  part  of 
an  interrelated  and  comprehensive  approach  to  technology 
education.  First,  preservice  teachers,  especially  those 
with  little  or  no  prior  computer  experience,  need  to 
complete  a  general  computer  literacy  course  in  the  first 
year  of  their  college  preparation.  This  would  allow  the 
presevice  teacher  to  practice  and  experiment  with  the 
computer  as  a  personal  learning  tool  throughout  the 
remainder  of  their  college  experience.  Closely  related  to 
this  recommendation  is  the  call  for  all  preservice  teachers 
to  have  unlimited  access  to  a  personal  computer  during 
their  teacher  trainmg.  This  could  be  accomplished  by 
teacher  education  programs  requiring  their  majors  to 
purchase  an  inexpensive  personal  computer  as  a  condition 
of  enrolhnent,  as  many  schools  of  engineering  currently 
do,  or  by  the  respective  college  of  education  offering  a 
leaner  program  to  its  preservice  teachers  for  a  minimal 
fee. 

A  third  recommendation  is  that  college  faculty  m  all 


disciplines,  not  just  education,  should  model  the  appropri- 
ate use  of  computers  throughout  the  college  curriculum, 
including  the  assignment  of  computer  related  activities. 
For  this  to  take  place,  a  related  recommendation  would  be 
that  college  faculty  who  are  not  currently  computer 
literate  be  provided  the  training  and  resources  necessary 
to  make  them  so. 

Since  numerous  studies  suggest  that  the  field  setting 
and  cooperating  teacher  have  a  direct  influence  on  the 
selected  practices  of  preservice  teachers  (Cruickshank  & 
Amialine,  1986;  Zeichner,  1986),  it  is  also  recommended 
that  preservice  teachers  be  placed  in  field  settings  where 
educational  technology  is  used  and  encouraged. 

A  final  reconunendation  is  that  teacher  educators 
review  the  literature  from  staff  develq>ment  research, 
especially  the  findings  of  Joyce  and  Showers  (1988)  in 
regard  to  teacher  U^ning,  when  designing  computers  for 
educators  courses.  These  researchers  have  determined  that 
training  should  include  the  exploration  of  theory,  demon- 
stration or  modelling  of  a  skill,  practice  of  a  skill  under 
simulated  conditions,  feedback  about  the  performance, 
and  discussion.  They  also  note  that  peer  observation  and 
coaching  is  critical  after  trainmg  m  order  for  the  transfer 
of  mcM-e  complex  teaching  skills  to  occur.  Sparks  (1983) 
also  emph:-sizes  the  importance  of  small-group  discussion 
and  problem  solving  during  training  in  order  to  aid 
learning  and  promote  transfer  to  ^iie  classroom.  The 
current  course  offerings  might  be  improved  if  the  suidents 
received  more  practice  with  the  various  applications  and 
also  received  more  detailed  feedback  about  their  perfor- 
mance through  peer  obsei-vation  and  coachmg.  Small- 
group  discussion  about  the  broader  educational  and  social 
implications  of  computer  use  in  education  would  also 
promote  transfer.  As  Apple  (1991)  recenUy  suggested, 
such  discussions  would  be  the  ideal  time  to  question 
whether  the  wagon  we  have  been  asked  to  ride  on  is  going 
in  the  right  direction. 
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Teacher  education: 
RetooUng  with  technology 
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Educational  Technology  Inttiofive 

The  Utah  Educational  Technology  Initiative  (ETI)  is 
'm  attempt  to  increase  the  learning  of  math, 
reading,  language  arts,  and  other  subjects  in  the 
public  schools  with  technology.  ETI  provides  over  45 
million  dollars  for  hardware  purchases.  Utah  has  taken  an 
aggressive  stance  to  overcome^  the  problem  of  little  or  no 
technological  impact  in  schools  as  mentioned  by  Elmer- 
Dewight  in  Time  magazine  1991  "...the  impact  of  all  this 
technology  on  the  basic  operation  of  most  classrooms  is 
practically  uir  (p.  48).  Clearly,  higher  education,  particu- 
larly departments  of  teacher  education,  has  a  direct 
responsibility  to  develop  teachers  who  can  and  do  use 
technology  effectively.  The  development  of  technological 
expertise  is  cogent  for  both  preservice  and  inservice 
teachers.  Weber  State  University's  (WSU)  Teacher 
Education  department  is  responding  to  ETI  in  four  ways: 

1 .  Establishing  an  education  technology  center. 

2.  Training  teacher  education  department  faculty. 

3.  Developing  inservice  classes  for  public  school 
teachers. 

4.  Revising  the  teacher  education  program. 

Educational  Technology  Center 

In  addition  to  every  faculty  having  a  networked 
computer  in  their  office  we  have  developed  an  Educa- 
tional Technology  Center  (ETC)  that  is  located  in  the 
Teacher  Education  Department  and  is  readily  accessible 
to  faculty.  It  houses  multimedia  units  for  LCD  projection, 
CD-ROM,  Laserdisc,  scanning,  and  video  digitizing.  A 
small  netwcM-k  of  machines  in  both  MS-DOS  and  Macin- 
tosh platfonns  is  available.  CurrenUy  five  of  the  units  are 
mobile.  Each  Station  is  equipped  with  a  LDC  panel, 
overhead,  CD  drive,  and  speakers  for  classroom  use. 
Faculty  members  are  encouraged  to  schedule  the  ETC  for 
classes  or  to  move  the  units  into  their  own  classrooms. 


Training  Faculty 

No  training  started  until  all  the  equipment  was  in 
place  and  functional.  This  allowed  faculty  to  work  on  the 
actual  machines  that  were  available  for  them  as  they  were 
trained.  Training  consisted  of  three  day  wwkshops 
covering  basic  hardware  and  software  use  in  multimedia 
presentations.  HyperCard  was  used  to  present  text  and 
control  peripherals  such  as  CD  drives  and  laserdisc 
players.  Scanners  and  video  digitizing  equipment  was  also 
available.  Faculty  were  to  attend  tbp  workshops  and 
produce  a  project  based  on  the  skills  acquired  in  work- 
shop that  could  be  used  in  their  personel  instruction.  After 
the  workshops  had  been  completed,  instructors  were 
available  through  the  remainder  of  the  quarter  to  help  the 
participants  complete  their  projects. 
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Inservlce  Training 

A  similar  fonnat  was  used  for  the  inservice  training. 
Districts  were  first  contacted  and  given  a  list  of  possible 
training  tc^ics.  Districts  tiien  approaciied  their  teachers 
and  had  them  identify  the  topics  of  interest  or  list  other 
needs.  These  topics  formed  the  basis  of  the  workshops. 
Credit  was  provided  by  the  University  through  continuing 
education  for  a  small  fee.  Districts  then  advertised  and 
selected  teachers  to  attend. 

Training  teachers  to  use  technology  does  make  a 
difference.  Ryan  (1991)  has  reported  that  teachers  trained 
with  a  minimum  of  10  hours  of  instruction  in  technology 
were  able  to  achieve  greater  academic  gains  with  their 
students^ 

Our  training  focused  on  awareness  of  current  technol- 
ogy (hardware  &  software),  its  function,  and  its  purpose. 
Ideas  were  developed  and  shared  on  the  effective  integra- 
tion of  technology  into  instruction,  Basic  elements  of 
hardware,  software,  and  presentation  techniques  were 
often  unfamiliar  to  teachers.  Knowledge  of  these  elements 
can  help  teachers  make  informed  choices  about  technol- 
ogy and  teaching.  These  workshops  were  held  both  on 
campus  and  in  schools  to  acquaint  teachers  with  the 
broadest  range  of  technology  available  and  to  show  them 
what  was  currently  available  in  the  districts  to  work  for 
their  use. 

Revision-of  Teacher  Education  Program 

In  the  Teacher  Education  Department  three  major 
changes  are  taking  place.  The  first  is  a  proposed  inaease 
of  the  admission  requirements,  Students  must  be  com- 
puter literate  to  be  admitted  into  the  teacher  education 
program.  This  means  that  they  must  have  a  working 
knowledge  of  word  processing,  spreadsheet,  and  database 
applications.  Most  recent  graduates  of  high  school  are 
able  to  show  competency  in  word  processing  but  are 
unfamiliar  with  database  and  spreadsheet  use.  Returning 
students  may  have  some  general  computer  experience  but 
it  is  seldom  complete, 

Second  is  the  changing  of  two  courses  dealing  with 
technology,  Instructional  Media  and  Educational  Comput- 
ing, from  low  tech,  introductory  courses  to  high  tech, 
multimedia  formats  stressing  the  use  of  technology  (e,g„ 
video,  CD-ROM,  laserdisc,  hypercard).  The  first  course. 
Instructional  Media  focuses  on  introducing  students  to  the 
concepts  necessary  to  use  various  media  in  an  effective 
manner.  Students  learn  how  to  develop  presentations  for 
use  in  teaching  and  how  to  use  approjHiate  technology  for 
presentation.  The  second  course.  Educational  Computing, 
extends  these  concepts  to  develop  mstructional  materials 
to  be  used  with  whole  class  presentations  or  small  group 
instruction.  The  overall  objective  is  to  provide  a  basic 
understanding  of  how  technology  can  aid  the  teacher  in 
teaching  and  the  student  in  learning.  Teachers  need  to 


view  technology  as  a  tool  (Taylor,  1980)  that  will  allow 
them  to  do  regular  tasks  better,  also  to  do  things  that  were 
not  possible  without  the  use  of  technology. 

Third  is  the  modeling  of  technology  use  in  courses 
within  the  Teacher  Education  department  Various 
instructors  are  mcorporating  technology,  includmg 
multimedia  presentations  into  their  courses.  Courses  in 
the  areas  of  secondary  teaching  methods,  elementary 
social  studies,  elementary  reading,  secondary  measure- 
ment and  assessment,  special  education,  and  math  are 
modeling  technology  integration  for  students.  Students 
are  watching  demonstrations  of  technology  use  to 
enhance  their  own  learning  and  becoming  accustom  to  its 
inclusion  in  the  teaching  learning  process.  They  are  aware 
of  the  effort  that  is  required  to  utilize  technology  for 
teaching  but  are  also  experiencing  the  benefits  of  the 
technology. 

After  teachers  become  aware  of  what  technology  is 
available  for  use,  they  need  to  consider  how  to  incorpo- 
rate technology  into  content  learning.  In  this  area  technol- 
ogy is  not  a  teaching  tool  as  much  as  a  tutor  to  present 
concepts,  facts,  etc.,  to  students.  Software  becomes  a 
prime  focus  to  convey  information  and  knowledge  to 
students.  Examples  are  HyperCard  stacks,  CD-ROM, 
Laserdiscs,  and  other  programs  that  present  material  for 
learning.  As  students  become  familiar  with  these  pro- 
grams it  is  possible  to  put  them  in  charge  of  their  own 
learning  by  fostering  the  development  of  individual 
materials  and  presentations.  Students  can  then  pursue 
their  own  avenues  of  interest  and  provide  information  to 
peers  through  the  use  of  technology. 

Summary 

The  philosophy  that  undergirds  our  effort  is  that  the 
schools  are  the  primary  unit  of  change  m  the  educational 
system.  By  training  inservice  teachers  and  preservice 
teachers  to  use  technology  in  their  classes  change  will 
occur.  To  facilitate  this  we  believe  that  a  collaborative 
environment  is  necessary  in  teacher  education.  We  as 
teacher  educators  need  the  input  of  disuict  personnel 
along  with  inservice  teachers  to  gain  the  perspective 
necessary  for  educational  improvement.  Technology  is 
very  important  for  both  students  and  teachers.  It  has  the 
potential  to  make  a  positive  impact  on  the  way  a  teacher 
teaches.  All  teachers  deserve  equal  access  to  technology. 
All  students  deserve  equal  access  to  learning  and  technol- 
ogy. Training  inservice  and  preservice  teachers  to  use 
technology  will  help  make  these  goals  a  reality. 
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Introduction 

The  introduction  of  the  personal  computer  a  littie 
over  a  decade  ago  prompted  a  flurry  of  interest  in 
ccsipuler  technology.  Tlie  ^'computer  literacy 
crisis**  was  bom  and  computer  classes  became  increas- 
ingly more  common  in  public  and  post-secondary 
educational  institutions  (CoUis  and  Martinez*  1989;  Lowe, 
1991). 

Computers  in  education  courses  are  often  adult 
computer  literacy  courses  and  are  typically  competency- 
based  skills  courses.  Often  teachers  learn  to  use  the 
computer  in  isolation  from,  classroom  practice,  and 
outside  the  teachers*  own  existential  learning  experiences. 
Many  teachers  begin  their  careers  and  continue  their 
professional  practices  having  Uiought  very  little  about 
how  their  own  learning  experiences  impact  their  teaching 
practice  (Butt  and  Yamagishi,  1988;  Zeichner  and  Liston, 
1987). 

As  collaborative  instructors  in  delivering  a  senior 
level  Computers  in  Education  course,  we  used  our 
backgrounds  in  computer  technology,  educational 
psychology,  instruction. J  design,  and  style  differentiated 
instruction  to  design  a  course  that  would  allow  students  to 
grow  as  learners  of  technology  and,  at  the  same  time 
reflect  on  how  those  experiences  would  impact  their 
teaching  practice.  Based  on  the  belief  that  teachers 
powerfully  shape  the  learning  experiences  of  their 
students  by  creating  environments  which  demonstrate 
proclivities  towards  particular  learning  styles  that  teachers 
themselves  hold  (Butler,  1986),  we  used  reflection  on 
learning  as  the  primary  vehicle  to  reveal  to  teachers  how 
tiieir  attitudes  and  actions,  however  subtle,  aeate  learning 
environments  for  their  students  by  establishing  acceptable 
learning  procedures,  processes  and  products  within  the 
classroom. 

This  paper  shares  the  teachers'  experiences  and 
reflections  about  their  learning  and  teaching  with  technol- 
ogy through  their  reflective  journal  entries  and  through 
instructor  observations  of  that  growth  process.  It  discusses 
the  relationship  that  exists  between  te^xrhcrs'  learning 
preferences  and  teaching  practices,  a  relationship  signifi- 
cant for  instructors  of  technology  at  aU  levels  of  educa- 
tion. 


Method 

This  qualitative  study  was  conducted  over  a  three-year 
period  and  involved  sixty  teachers  and  student  teachers 
across  foui*  sections  of  a  thirteen  week  course.  The  student 
teachers  were  second  year  education  students  who  had  at 
least  six  weeks  practicum  experience.  The  teaching 
experience  of  die  practicing  teachers  varied  between  two 
and  twenty  years.  Few  of  the  participants  had  experienced 
teaching  a  computer  class.  For  purposes  of  convenience 
during  the  following  discussion,  teachers  refers  to  botii 
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student  teachers  and  practicing  teachers. 

While  these  exists  a  plethora  of  instruments  and 
inventories  to  identify  personality  types,  learner  charac- 
teristics  and  preferences  (Myers,  1962;  Butler.  1986; 
Dunn  &  Dunn,  1975;  Gregorc,  1982;  Kolb,  1976),  the 
teachers  in  this  study  were  administered  the  Adult  Style 
Delineator  (Gregorc,  1982)  at  the  beginning  of  the  course 
to  identify  learning  preferences.  We  *!ien  extended  those 
identifications  to  the  reahn  of  the  classroom  through 
Butler*  s  (1986)  work  in  Style  Differentiated  Instruction, 
which  focuses  on  curriculum  development  as  a  result  of 
informed  knowledge  of  teaching  and  learning  preferences. 
There  has  been  critical  evaluation  of  Gregorc*  s  instnmient 
(Sewall,  1986);  however,  the  strength  of  Gregorc  and 
Butler's  contributions  lie  in  their  applicability  to  class- 
room jMactice. 

The  Style  Delineator  was  used  as  a  fundamental 
organizer  to  discuss  learning  and  leachmg  preferences. 


The  instrument  is  based  on  dualities  of  ordering  (sequen- 
tially or  randomly)  and  perceiving  infonnation  (abstractly 
or  concretely).  Four  styles  or  categories  of  learning 
preferences  or  mediation  ability  channels  are  identified: 
concrete  sequential  (CS),  abstract  sequential  (AS), 
abstract  random  (AR)  and  concrete  random  (CR). 
Although  there  is  usually  dominance  in  one  categoiy, 
individuals  exhibit  characteristics  in  all  four  categories. 
Table  1  illustrates  the  extension  of  learning  characteristics 
and  preferences  to  teaching  characterisdcs  and  prefer- 
ences (Butler,  1986). 

The  course  was  design^*.d  to  achieve  a  balance  between 
suuctured  and  unstructured,  prescribed  and  self-directed 
assignments.  In  this  way  learners  would  experience 
learning  environments  which  acconunodated  and  chal- 
lenged their  learning  preferences.  The  computer  experi- 
ences and  assignments  were  equally  distributed  and 
weighted  between  database,  spreadsheet,  word  processing 


Table  1 

Learning  and  Teaching  Preferences  According  to  Style 


jiyle     Learn,  .ig  Preference        Teaching  Preference 


Concrete  Sequential 


Abstract  Sequential 


Abstract  Random 


Concrete  Random 


Tend  to  be  practical,  organized, 
thorough  and  structured. 
Prefer  to  create  real,  practical 
products  and  learn  best  in  orderly 
quiet  environments  that  have 
logical,  consistent  directions. 

Tend  to  be  conceptual,  convergent, 
analytical  and  evaluative. 
Prefer  independent  work,  and 
may  find  creative,  cooperative 
activities  stressful. 

May  be  reluctant  to  relinquish  authority 
and  control  to  students. 

Tend  to  be  emotionally  intuitive, 
interpretive,  empathetic,  imaginative 
and  flexible. 

Enjoy  creative  and  artistic  activities. 
Prefer  collaborative  work  and  give 
meaning  to  ideas  in  a  personal  way. 

Characterized  as  being  original, 
experimental,  inventive, 
option-oriented  and  divergent 
risk-takers. 

Prefer  independent  experimentation. 
Authority  and  limited  options  may 
pose  problems  for  these  learners.  


May  create  a  practical,  realistic, 

pre^lictable  learning  environment. 

Structure  and  logic  are  fundamental 

to  this  view  of  teaching. 

CS  teachers  foster  creativity  through 

prototypes. 

Apply  logic  and  sequential  reasoning 
to  abstract  ideas  in  encouraging 
students  to  be  analytical  and  evaluative. 
Stress  a  broad  knowledge  base 
supported  with  logical  data. 


Respond  in  a  personal  way  to  students, 
environment  and  curriculum. 
Instill  student  self-confidence, 
and  encourages  self-expression. 
Encourage  learning  in  a  cooperative, 
sharing  environment. 

Emphasize  practical,  realistic  work 
expressed  in  original,  creative  ways. 
Enthusiastic,  flexible  and  spontaneous 
teachers  who  prize  diverse  ways  of 
learning  and  experimentation. 
Encourage  creative  problem  solving 
and  inventing  useful,  original  products. 
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and  programming.  The  application  packages  were 
introduced  in  the  first  half  of  the  course  and  taught  using 
lecture,  demonstration,  and  walk-through  formats.  The 
programming  language,  LOGO,  was  introduced  after  the 
teachers  gained  S'.nie  familiarity  with  the  computer.  We 
chose  LOGO  in  order  to  provide  an  exploratory  environ- 
ment foe  creative  expression,  self-directed  and  self-paced 
learning.  It  was  presented  in  a  very  unstructured  manner 
introducing  a  minimum  number  of  primitives  through 
demonstration.  From  this  point,  teachers  were  asked  to 
experiment,  explore,  read  the  manual,  collaborate,  and 
otherwise  figure  it  out  for  themselves. 

Throughout  the  computer  experiences,  the  teachers 
were  asked  to  maintain  journals  describing  their  learning 
experiences.  Following  the  computer  experiences  teachers 
were  given  the  results  of  their  Style  Delineator  and  asked 
to  compare  those  results  with  what  their  journal  entries 
revealed  about  their  learning  preferences.  Teachers  were 
then  asked  to  share  how  an  awareness  and  understanding 
of  their  learning  preferences  would  impact  their  teaching 
practice. 

Results 

Teachers  were  surprised  to  discover  how  closely  the 
results  of  the  Delineator  matched  the  learning  processes 
described  in  their  reflective  journals.  The  following 
outlines  the  mstructors'  observations  of  the  teachers* 
behaviors  and  includes  selections  from  teachers*  journals 
to  illustrate  the  correlation  between  self-reflection  and 
style  type,  as  well  as  teachers'  predictions  of  and  inten- 
tions for  how  this  information  would  influence  their 
teaching  practice. 

Concrete  Sequential 

CS  teachers  requested  clear  concise  directions  during 
all  phases  of  the  course.  They  found  the  walk-through 
format  especially  helpful.  Their  assignments  and  projects 
demonstrated  linear  thinking  and  structured  organization. 
Typically,  CS  teachers  confined  the  use  of  the  computer 
programs  to  classroom  applications  such  as  the  develop- 
ment of  electronic  report  cards,  construction  of  classroom 
inventory  databases,  and  generation  of  form  letters  to 
parents. 

Initially,  CS  teachers  found  the  LOGO  programming 
assignment  very  frustrating.  They  had  difficulty  deciding 
what  to  do  and  never  felt  their  project  was  really  finished. 
Many  resisted  the  project  as  long  as  possible  and  incorpo- 
rated only  minimal  elements  to  satisfy  course  require- 
ments. Play  was  not  part  of  the  CS  agenda.  As  CS 
participants  wrote: 

During  the  first  part  of  the  course,  1  was  given  the 

opportunity  to  create  something  real  and  practical  and 

that  was  very  important  to  me. 

I  really  wanted  just  to  follow  directions  and  get 


correct  answers  and  in  the  LOGO  project  there  were 
no  correct  answers. 

ReflecUng  on  their  teaching  style,  CS  teachers 
recognized  the  creative  potential  in  their  colleagues,  often 
expressing  admiration  and  envy  of  others*  work.  Al- 
tliough  CS's  found  the  unstructured  and  exploratory 
environment  difficult,  they  realized  a  need  to  be  tolerant 
of  others'  styles.  Many  said  it  would  be  essential  to 
acconunodate  others*  styles  in  the  classroom.  CS  teachers 
did  not  readily  extend  the  use  of  aH)lication  programs 
beyond  their  utility  as  a  management  tool  for  the  teacher, 
for  instance,  using  a  spreadsheet  to  teach  math  or  a 
database  to  illustrate  concepts  in  science  or  social  studies. 
Most  said  they  would  use  LOGO,  because  it  allowed 
students  to  demonstrate  their  creativity.  Other  CS*s 
admitted  their  reluctance  to  try  it  or  use  it  with  their 
students.  They  doubted  the  validity  of  LOGO  as  a  useful 
teaching  tool. 

LOGO  revealed  something  to  me  as  a  teacher.  I  will 
probably  ten* '  to  be  a  director  rather  than  a  facilitator 
of  knowledge.  I  am  still  not  convinced  that  this  is  the 
best  thing  to  spend  classroom  time  on.  I  would  find  a 
project  like  LOGO  hard  to  evaluate. 

Abstract  Sequential 

AS  teachers  followed  the  walk-throughs  exactly  and 
offered  good  suggestions  for  making  them  clearer.  They 
were  often  concerned  about  the  choice  of  software, 
questioning  quality,  appropriateness,  and  district  or 
system  authorization.  They  continually  probed  the  merit 
of  using  any  of  the  computer  programs  in  the  classroom. 
Many  preferred  to  use  LOGO  for  intellectual  activities 
rather  than  produce  physical  products.  Several  AS 
teachers  reported  looking  for  more  information  about 
LOGO.  Play  did  not  appeal  to  AS  teachers. 

I've  seen  other  word  processors.  It  seems  to  me  that 

we  should  be  trying  a  couple  of  others. 

I  would  have  like  more  time  to  read  and  discuss 

Papert.  He  has  some  interesting  ideas. 

I  didn't  like  playing  with  the  turtle  with  no  purpose  in 

mind. 

In  reflecting  on  their  teaching,  AS  instructers  said  they 
would  teach  students  to  use  spreadsheets  and  database 
applications.  They  saw  value  in  exploring  LOGO  with 
their  own  students.  They  reported  that  they  would  be 
encouraged  to  provide  their  students  with  this  kind  of 
option  in  other  curricula  besides  computer  literacy 
classes.  Several  AS  teachers  mentioned  wanting  to  instill 
question-asking  in  their  students.  Several  also  remarked 
how  important  the  LOGO  experience  was  in  encouraging 
them  to  foster  and  allow  for  creativity  in  their  own 
students. 

/  have  some  real  reservations  about  allowing  students 
ti)  use  spelling  checkers. 
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LOGO  forces  kids  to  think  in  different  ways.  I  think 
that  is  good. 

Even  though  I  found  LOGO  difficult,  I  feel  it  should  at 
least  be  explored  in  the  classroom  because  of  its 
educational  value. 

Abstract  Random 

AR's  were  particularly  appreciative  of  the  walk- 
throughs, many  suggesting  they  would  be  "lost"  with  out 
them.  They  sought  constant  feedback  and  approval  from 
both  instructor  and  peers.  AR's  gained  an  app/. .  ciation  for 
the  importance  of  planning.  They  also  recognized  that 
other  teachers  seemed  to  be  able  to  do  it  as  a  matter  of 
course,  and  did  not  always  learn  as  they  did.  AR's  tended 
to  personalize  their  computer  experiences.  They  found 
working  independently  quite  difficult  and  frustrating. 
However,  many  reported  that  having  to  learn  to  deal  with 
their  frustration  was  a  difficult,  but  useful  exercise. 
Making  mistakes  and  play  were  not  only  acceptable,  but 
encouraged — something  that  AR's  had  found  wanting  in 
many  of  their  past  educational  experiences . 

/  knew  I  could  be  creative,  but  didn  7  get  much  chance 

in  school  until  now. 

I  could  have  really  used  this  when  I  was  learning 

geometry.  I  haven't  really  understood  it  until  now. 

I  liked  how  LOGO  allowed  me  to  make  mistakes 

without  being  wrong  or  right. 

I  had  to  break  complex  problems  into  small  pieces.  I 

don't  usually  work  that  way. 

Conmienting  on  their  teaching,  AR's  felt  that  creativ- 
ity and  adventure  were  important  elements  to  include  in 
learning  experiences.  They  would  encourage  learning 
through  mistake-making.  They  would  also  encourage 
collaboration  among  their  students  to  facilitate  discussion 
and  group  problem  solving.  They  found  planning  a 
challenging,  but  rewarding  activity,  one  from  which  they 
would  want  their  students  to  benefit.  Having  identified 
with  their  own  level  of  frustration,  some  AR*s  were 
concerned  that  LOGO  might  be  too  demanding  and 
frustrating  for  students.  Evaluation  of  student  projects  was 
already  a  worry  for  these  AR  teadiers.  How  could  they 
grade  one  student's  assignment  better  than  another's 
when  each  came  out  of  the  student's  own  minds? 

/  realize  that  I  will  probably  let  students  do  their  own 

thing.  I  guess  Vve  never  seen  myself  as  a  teller,  but 

more  as  a  helper. 

Concrete  Random 

CR  teachers  used  the  walk-throughs,  but  were  often 
experimental  and  creative.  For  example,  one  CR  teacher 
used  the  spreadsheet  to  correlate  shoe  size  with  the 
success  of  football  kicks.  They  found  the  programming 
project  particularly  appealing  and  challenging.  Self- 
paced,  independent  experimentation  allowed  CR's  to 


maintain  control  of  their  own  programs.  Many  regarded 
the  assignment  as  fun  and  spent  extra  hours  at  the 
computer. 

There  are  a  thousand  uses  for  these  programs . 
The  fact  that  I  could  explore  on  my  own  was  really 
important.  lama  very  independent  learner.  I  like  to  be 
left  to  experiment  and  discover  on  my  own. 
In  reflecting  on  their  teaching,  CR  teachers  felt  that 
presenting  learning  m  a  discovery,  experimental  approach 
was  what  their  students  needed  most  They  were  keen  to 
use  the  application  programs  with  their  students  and  to 
extend  the  application  programs  across  the  curriculum. 
They  viewed  themselves  as  facilitators,  regarding  self- 
control,  self-discovery  and  self-correction  the  most 
beneficial  learning  experiences  to  offer  their  students. 
CR's  felt  it  important  to  transfer  the  idea  that  to  play  is  to 
learn.  Because  the  way  these  teachers  experienced  LOGO 
was  contradictory  to  the  vay  much  curriculum  had  been 
presented  to  them  as  learners,  they  would  make  a  con- 
certed eftort  to  include  as  much  of  this  type  of  learning  in 
other  curricula  as  possible. 

/  would  want  my  students  to  experiment  through  an 

investigative  approach,  to  ask  why,  and  learn  about 

problem  solving  through  active  involvement. 

I  believe  that  LOGO  is  a  great  teaching  tool.  I  want 

the  children  to  explore  and  experiment  with  learning.  I 

want  them  to  think  of  ideas  on  their  own.  I  want  to  be 

their  guide,  not  their  teacher. 

I  feel  that  children  learn,  understand  and  internalize 

information  easier  if  they  discover  it  for  themselves  in 

a  hands-on  situation.  Learning  has  to  be  interesting, 

creative,  and  most  important,  fun! 

Summary 

Many  of  the  findings  in  this  study  were  p-edictable. 
Almost  all  teachers,  regardless  of  style  type,  appreciated 
the  walk-through  format  for  the  assignments.  Walk- 
throughs allowed  the  teachers  to  concentrate  on  applica- 
tion rather  than  technique.  It  also  gave  them  the  opportu- 
nity to  either  work  in  a  group  or  independentiy . 

It  was  through  the  programming  assignment  that  style 
preference  became  most  noticeable.  Teachers  were  able  to 
individualize  their  projects  and  make  personal  statements 
about  what  they  learned  and  what  they  considered 
important  in  facilitating  their  own  learning.  In  the  initial 
stages,  almost  all  teachers  experienced  some  frustration. 
The  opportunity  to  explore  and  create  with  minimal 
direction  was  a  new  approach  for  many. 

Teachers  with  sequential  learning  styles  found  the 
LOGO  assignment  particularly  challenging.  They 
produced  the  most  geometric  designs  that  employed 
comparatively  little  imagination.  Although  they  could 
relate  LOGO  to  students,  they  admiued  being  uncomfort- 
able with  using  it  themselves  and  were  skeptical  of  using 
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LOGO  with  their  own  students  in  the  classroom.  These 
teachers  were  most  reflective  about  recognizing  that  other 
teachers  learned  differently  than  they  did.  They  realized 
that  it  would  be  necessary,  in  fact  vital,  to  develop 
curriculua  in  other  than  sequential,  structured  ways  for 
students. 

Random  style  teachers  enjoyed  using  LOGO  more 
than  sequential  style  teachers.  They  conquered  their 
frustration  quickly  and  soon  regarded  the  assignment  as 
challenging  and  fun.  Many  were  surprised  at  their  own 
creativity.  Grateful  for  the  experience,  they  wished  they 
had  encountered  LOGO  earlier  in  their  school  careers. 
They  were  particularly  positive  about  using  it  with  their 
own  students  and  looked  forward  to  the  opportunity  to 
teach  LOGO  in  their  own  classrooms.  For  some  of  these 
teachers,  it  was  a  revelation  to  find  that  LOGO,  as 
presented,  fit  so  well  with  how  they  discovered  they 
learned  best.  It  is  not  surprising  that  these  teachers 
produced  the  most  imaginative  and  mteresting  projects,  a 
fact  with  which  even  the  sequential  styled  teachers 
agreed. 

All  teachers  became  aware  of  and  gained  an  apprecia- 
tion for  the  diverse  learning  needs  of  others.  While  CS 
and  AR  teachers  reported  the  greatest  desire  to  adapt 
curriculum  to  suit  a  variety  of  learners,  it  is  significant  to 
note  that  the  CR  teachers,  who  found  the  LOGO  experi- 
ence most  closely  matched  their  learning  preferences, 
were  the  most  adamant  that  LOGO  be  taught  in  the  way 
they  had  experienced  it.  These  teachers  reflected  very 
little  on  the  difficulty  that  more  sequential  teachers 
experienced  m  this  self-directed,  exploratory  environ- 
ment The  most  flexible,  creative  learners  were  the  least 
flexible  in  accommodating  others*  preferred  learning 
styles. 

Implicafions  for  Practice 

That  they  will  probably  teach  and  present  curriculum 
in  accordance  with  how  they  learn,  is  a  significant  lesson 
for  teachers,  a  lesson  that  should  come  early  in  a  teacher's 
education.  Providmg  teachers  with  the  opportunity  to 
participate  in  or  observe  problem  solving  processes 
different  from  their  own,  and  for  scwne,  different  from 
what  they  had  ever  experienced,  is  a  valuable  learning 
process  for  teachers.  Not  only  do  they  gain  a  heightened 
awareness  of  their  own  learning  piieferences,  but  an 
appreciation  for  others*  preferences.  Awareness  is  the  first 
step  in  transferring  this  appreciation  into  classroom 
practice. 

Encouraging  creative  thought  and  independent 
learning  are  important  and  admirable  objectives.  How- 
ever, it  is  equally  important  fcwr  teachers  to  adapt  curricu- 
lum to  suit  a  variety  of  learners.  Teachers  with  flexible, 
creative  learning  preferences  must  also  be  flexible  and 
creative  in  acc(xnmodating  learning  styles  not  suited  to 


little  structure  or  guidance.  ''Flexing,**  as  a  means  to 
ai^reciate  others*  gifts  is  the  ability  to  recognize  and 
provide  for  particular  learning  or  teaching  preferences 
outside  one's  own  dominant  style  (Butler,  1986). 

In  content  areas  such  as  technology,  which  is  gener- 
ally highly  structured  and  inflexible,  it  is  doubly  impor- 
tant to  promote  a  reflective  stance  towards  how  teachers 
will  teach  technology.  Recognizing  that  not  all  students 
will  benefit  from  the  curriculum  in  the  same  way,  poses 
issues  as  to  what  cunicular  options  are  offered  to  students 
in  relation  to  what  kinds  of  assignments  they  are  required 
to  produce. 

Spreadsheet,  database,  word  processing  and  some 
form  of  programming  assignments  are  fairly  generic 
across  introductory  computers  in  education  courses. 
However,  programming  has  been  overshaoowed  by  the 
practical  importance  of  learning  computer  ^plication 
programs.  Programming,  especially  when  using  LOGO  as 
a  discovery  environment,  allows  for  a  diverse  range  of 
styles  to  manifest  themselves,  not  only  to  the  teachers,  but 
to  the  instructors  of  teachers.  The  progranuning  assign- 
ment becomes  a  mirror  for  the  teachers  to  recognize  their 
own  style  strengths  and  weaknesses.  They  are  able  to 
reflect  on  that  information  and  use  it  as  insight  into  how 
they  would  teach  computer  literacy  and  more  signifi- 
cantly, how  they  would  deliver  and  design  curricula  in 
general.  As  an  observational  tool  for  instructors  and  a 
platform  for  teachers  to  examine  their  own  learning,  the 
LOGO  environment  provides  the  springboard  for  mindful 
consideration  and  reflection  of  learning  and  teaching 
preferences  that  impact  teaching  practice. 
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Cultural  sensitivity  in 
classroom  computing 

Ines  Marquez  Chisholm 
Arizona  State  University  West 


Minority  students  are  rapidly  becoming  the 
majority  in  American  classrooms.  In  fact,  the 
American  Association  of  Colleges  for  Teacher 
Education  (1990)  predicts  that  the  minority  school-age 
population  will  increase  more  than  30  percent  within  the 
decade.  At  the  same  time,  the  ratio  of  students  to  comput- 
ers is  decreasing  as  more  computers  enter  the  school" 
(Hayes,  1992),  In  view  of  the  concurrent  increase  in 
educational  computers  and  the  growth  of  minority  student 
populations,  teachers  must  implement  instructional 
practices  that  provide  all  students  with  equitable  access  to 
technology  and  maximum  opportunities  for  academic 
success. 

Educational  equity  implies  pmviding  for  those 
differences  which  moderate  learning  and  achievement. 
One  of  the  most  important  differences  affecting  learning 
is  culture.  Culture  shapes  thinking,  perception,  expecta- 
tions, values,  beliefs,  and  behavior,  as  well  as  how  we 
view  the  world,  what  we  consider  important,  what  we 
attend  to,  how  we  learn  and  how  we  interproc  hiformation 
(Philips,  1983;  Delagado-Gaitan  and  Trueba,  1985;  Huitt, 
1988;  Jacobs  and  Jacobs,  1988;  Jacobs,  1990;  Rhodes, 
1990).  Although  individual  differences  exist  within 
cultural  groups,  research  indicates  that  cultural  differ- 
ences in  cognitive  and  learning  style  preferences  exist 
across  cultural  groups  (Ramfrez  and  Castafieda,  1974; 
Tamaoka,  1986;  Vogt,  Jordan  and  Tharp,  1987;  Singh, 
1988;  Griggs  and  Dunn,  1989;  More,  1989;  Jacobs,  1990; 
Rhodes,  1990). 

From  a  cultural  constructivist  standpoint,  educators 
must  acknowledge  that  computer-mediated  activities 
stimulate  qualitative  interactions  and  instigate  social 
arrangements  (Scott,  Cole  and  Engel,  1992).  Classroom 
computers  engender  changes  in  individual  roles,  proce- 
dures, communication,  and  behavior.  How  teachers  plan 
for,  organize  and  use  computers  with  their  students  alters 
the  classroom  culture,  changes  students' and 
teachers' roles,  determines  computer  access,  and  directs 
studentsUeaming  (Cochian-Smith,  Paris,  and  Kahn,  1991; 
Cohen,  1988/89;  Hungwe,  1989;  Mehan,  1989; 
Sheingold,  Kane,  and  Endreweit,  1983).  Given  the 
pedagogical  importance  of  cultural  differences,  the  use  of 
classroom  computers  with  cultiirally  diverse  populations 
requires  a  careful  examination  of  the  technology,  its  use 
within  the  classroom  and  its  effect  on  students. 

The  Culture  Computer  and  Equity 

Hoopes  and  Pusch  (in  Pusch, )  979,  p.  3)  state  that 
culture  includes  "values,  beliefs,  esthetic  standards, 
linguistic  expressions,  patterns  of  thinking,  behavioral 
norms,  and  styles  of  communication".  From  this  perspec- 
tive, the  cultural  collage  within  the  computer-using 
classroom  created  by  the  diversity  of  individual  back- 
grounds and  the  shared  classroom  culture,  also  incorpo- 
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rates  a  computer  culture.  Computers  are  not  culturally 
neutral  for  they  embody  the  cultural  perspective  of 
programmers,  manufacturers,  and  software  developers 
(Bowers,  1988;  Scott,  Cole  and  Engel,  1992).  In  using  the 
computer,  the  user  engages  in  an  indirect  communication 
with  the  programmer.  Both  the  u^cr  and  the  programmer 
bring  to  the  communicative  process  their  cultural  assump- 
tions and  epistemological  perspectives.  As  Bowers  (1988) 
contends,  computers  promote  analytical,  linear  thinking 
and  exalt  individual  autonomy.  Furthermore,  the  com- 
puter culture  discerns  logic  "as  a  powerful  insttument  of 
thought'*and  favors  top-down,  rule-driven, 
decontextualized  activities  (Turkic  and  Papcrt,  1990; 
Bowers,  1988).  In  short,  the  computer  culture  discrimi- 
nates against  concrete,  global,  inductive,  field-dependent 
thinkers. 

Educational  equity  in  classroom  computing  provides 
for  cultural  preferences  in  cognitive  styles;  recognizes 
cultural  differences  in  learning  styles;  equalizes  access  to 
hardware;  and  distributes  quality,  challenging  software 
fairly.  Not  all  cultures  value  abstract,  analytic,  linear 
thinking.  Some  minority  groups  prefer  global,  concrete, 
and  nonlinear  thinking.  Many  individuals,  particularly 
women,  prefer  to  interact  with  a  new  object,  **leaming 
about  it  through  its  bchavioi^and  to  progressively 
negotiate  their  work  raUier  than  follow  a  predetermined 
hierarchical  plan  (Turke!  &  Papert,  1990).  Forcing  these 
holistic,  concrete  thinkers  into  a  cognitive  mode  Uiat  is 
quite  different  from  their  preferred  way  of  thinking  places 
tiiem  at  a  clear  disadvantage.  Similarly,  many  cultures 
shun  individual  autonomy,  impersonality,  and  competi- 
tion and  favor  mutual  interdependence,  familiarity, 
informality,  and  cooperation.  On  the  other  hand,  tiie 
classroom  computer  culture  advocates  individual  au- 
tonomy, as  evidenced  by  die  terms  student-initiated  and 
individualized  courseware  (Bowers,  1988).  ITie  gap 
between  cultural  and  individual  preferences  and  the 
computer  culture  aeates  alienation  as  individuals  struggle 
to  become  what  tiiey  are  not  (Turkel  &  Papert,  1990). 

Equity  in  computer  access  is  another  imp(Mlant  issue. 
Most  children  in  economically  impoverished  schools, 
many  witii  bilingual  and  English  as  a  second  language 
(ESL)  programs,  have  limited  access  to  computers  and  to 
computer  ^plications  (Johnson,  1985;  Arias,  1990; 
Cohen,  1988/89;  Dunkel,  1990;  Gifford,  1991).  ChUdren 
with  limited  English  proficiency  are  usually  submitted  to 
drill  and  practice  or  tutorial  software  requiring  low  level 
cognitive  skills  (Cohen,  1988/89;  Johnson,  1987; 
Cummins  and  Sayers,  1990).  Although  drill  and  tutorial 
have  Uieir  place,  they  should  not  be  the  only  computer 
experiences  provided  the  non-native  English  speaker.  The 
scarcity  of  c(xnputer  proficient  Bilingual,  ESL  and 
Multicultural  teachers  exacerbates  the  problem  of 
computer  access  (Gifford,  1991).  Clearly,  "the  success  of 


technology  in  education  depends  on  the  teacher's  compe- 
tence in  using  erisUng  methods  and  adapting  to  future 
developments''  (Bitter  and  Y6he,  1989,  p.  22).  When 
teachers  are  neither  comfortable  with,  nor  knowledgeable 
about  computers,  the  classroom  computer  becomes  a 
useless  artifact  surrounded  by  an  invisible  barrier  of 
apprehension,  confusion,  and  even  aversion. 

T#och0r  Preparation  for  Educational  Equity 

To  ensure  cultural  and  technological  competency 
among  teachers  and  educational  equity  in  educational 
computing,  teacher  educators  must  first  acknowledge  Uie 
increase  of  culturally  diverse  classrooms,  the  diffusion  of 
computers  in  American  schools,  and  tlie  role  of  culture  in 
learning  and  classroom  interaction.  Having  contemplated 
these  realities,  the  next  step  is  to  develop  preservice 
activities  that  prepare  culturally  and  technologically 
competent  teachers  for  multicultural  and  minority 
classrooms. 

The  preparation  of  technologically  competent  teachers 
entails  hands-on  experiences  wiUi  a  variety  of  hardware 
and  software  and  direct  observation  of  Uieir  classroom 
applications.  Preservice  teachers  need  knowledge  of  basic 
computer  terminology,  proficiency  in  using  computer 
hardware,  insight  into  die  pedagogical  potential  of 
technology,  awareness  of  conceivable  disadvantages,  and 
a  readiness  to  use  technology  for  personal,  professional 
and  instructional  applications.  Teacher  training  experi- 
ences in  software  evaluation  must  develop  awareness,  not 
only  of  program  quality,  program  types,  and  ease  of  use, 
but  also  of  cultural  suitability,  cognitive  load,  affective 
variables,  instructional  adaptability,  and  learning  style 
flexibility.  During  student  teaching,  preservice  teachers 
should  demonstt^te  an  ability  to  integrate  traditional 
methods,  culturally  appropriate  strategies,  and  educational 
technologies  in  multicultural  classrooms  witii  minority 
students. 

Despite  the  growing  diversity  in  die  American 
classroom,  teacher  educators  continue  to  pretend  "tiiat 
Uieir  graduates  will  teach  in  schools  witii  white,  highly 
motivated,  achievement-oriented,  suburban,  middle-class 
students  from  two  parent  families"(Irvine,  1990).  With 
Uie  growth  of  minority  populations,  most  teachers  will 
serve  in  linguistically  and  culUjrally  diverse  classrooms. 
Therefore,  all  teachers — elementary  and  secondary, 
mainstream,  Bilingual  or  ESL— should  be  culturally 
competent  and  know  how  to  teach  content  to  children 
whose  native  language  is  not  English.  In  evaluating 
software,  teachers  should  be  able  to  assess  the  level  of 
language  difficulty  and  to  implement  strategies  that  will 
help  students  overcome  die  language  barrier.  For  ex- 
ample, cooperative  learning  techniques  where  students  are 
paired  at  die  computer  not  only  helps  limited  English 
proficient  students  develop  oral  language  skills,  but  it  also 
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helps  them  access  more  linguistically  demanding  software 
than  when  working  alone. 

Equally  important  is  an  understanding  of  how  the 
cultural  background  affects  the  child's  tolerance  for  noise, 
public  criticism,  personal  rewards,  and  supervision.  A 
computer  placed  in  a  highly  visible  area  of  the  classroom 
may  discourage  some  cultural  groups  which  value  privacy 
and  not  "losing  facc."vSimilarly,  a  program  that  indicates 
an  incorrect  response  or  error  with  an  audible  sound  or 
large  on-screen  message  readily  seen  by  other  students  is 
inappropriate  for  these  students.  Other  cultural  differences 
that  may  hinder  some  students  are  the  graphics  displayed 
and  the  program  content.  Graphics  presenting  culturally 
alien  objects  or  animation  showing  culturally  unaccept- 
able behavior  should  be  avoided,  or  at  best,  supple- 
mented. For  example,  Discis  Books  by  Discis  Knowledge 
Research  Inc.,  an  interactive  CD  series  of  bilingual  books, 
have  a  very  effective  pedagogical  basis.  They  provide 
bilingual  Spanish  students  with  visual  clues,  auditory 
explanation  in  their  native  language,  as  well  as  English 
auditory  and  visual  input.  However,  most  of  the  stories 
have  culturally  biased  graphics  that  show  white  children 
and  adults  and  no  ethnic  diversity.  This  software  would  be 
much  more  potent  if  stories  showed  ethnic  diversity  in  its 
characters,  included  stories  from  the  children's  native 
culture,  or  provided  topics  related  to  the  children's 
cultural  background.  Likewise,  content  may  be  culturally 
unfamiliai',  offensive,  or  biased.  Teachers  need  to  care- 
fully examine  software  content  and  graphics  for  stereo- 
types, invisibility  of  groups,  under  representation  of 
groups,  gender  bias,  linguistic  difficulty,  and  cognitive 
demand. 

Conclusion 

Preservice  teacher  preparation  cannot  ignore  the 
realities  of  an  increasingly  diverse  ix)pulation  and  the 
growing  use  of  computers  in  American  classrooms.  With 
these  phenomena  comes  a  responsibility  to  prepare 
culturally  and  technologically  competent  teachers  capable 
of  employing  varied  teaching  strategies,  selecting  and 
adapting  instructional  materials,  and  providing 
cognitively  challenging  content  and  activities  for  cultur- 
ally diverse  student  populations.  Teacher  preparation 
must  provide  a  variety  of  experiences  with  a  diversity  of 
cultural  groups  and  with  a  range  of  educational  technolo- 
gies. Direct  experiences  with  cultural  diversity  and 
technology  will  reduce  both  technophobia  and  xenopho- 
bia which  are  products  of  ignorance  and  unfamiliarity. 

Finally,  educators  must  clearly  understand  the  impact 
of  cultural  differences  on  the  technology  in  the  classnwm. 
Researchers  need  to  investigate  the  relationship  between 
culture  and  technology  and  to  answer  some  relevant 
questions.  What  specific  cultural  differences  negatively 
affect  students' use  of  educational  technology  and  learn- 


ing? How  can  students'cultural  preference'^  in  cognitive 
uia  learning  styles  be  incorporated  in  the  use  of  technol- 
ogy? Which  characteristics  of  technology,  (e.g.,  sound, 
visuals,  abstractions,  concretization,  animation)  are  most 
educationally  beneficial  for  specific  cultural  groups?  Are 
these  characteristics  equally  beneficial  across  cultural 
groups?  How  do  successful  teachers  of  minority  students 
organize  and  manage  their  classrooms  to  maximize  the 
benefits  of  educational  technology  for  their  students?  The 
answer  to  these  questions  will  help  identify  cultural 
adaptations  in  classroom  organization,  software  adoption, 
and  teaching  su^tegies  that  encourage  productive  use  of 
technology  among  students  from  a  diversity  of  liack- 
grounds.  Without  a  better  understanding  of  the  interrela- 
tionship between  culture  and  technology,  teacher  educa- 
tion in  these  areas  will  remain  generally  ignored,  or,  at 
best,  merely  hypothetical. 
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Access  Technology  for  Speciol  Populcrtions 

The  population  of  learners  attending  public  schools 
has  changed  drastically  over  the  past  twenty  years 
since  the  implementation  of  Public  Law  (P.L.)  94- 
142,  now  known  as  the  Individuals  with  Disabilities  Act 
(IDEA).  A  very  diverse  group  of  youngsters  representing 
many  disability  groups  is  now  mainstieamed  into  regular 
education  classrooms.  This  *  s  increased  the  need  for  the 
classroom  teacher  to  understand  the  impact  of  disabilities 
on  overall  development  and  approaches  to  learning. 

The  Regular  Education  Initiative  (REI)  has  revolution- 
ized approaches  to  instructing  children  with  learning 
problems  (Davis  &  Maheady,  1991).  This  refmn  is  aimed 
at  instruction  taking  place  in  the  regular  classroom  by  the 
teacher  with  consultative  support  from  the  special 
education  teacher.  With  shriiddng  resources  and  the  need 
to  fully  implement  core  curriculum  for  all  learners,  the 
REI  has  reqmred  classroom  teachers  to  consider  methods 
of  individualization  and  meeting  unique  needs  of  all 
learners  in  the  class. 

Technology  in  the  form  of  the  personal  computer  in 
the  classroom  and  the  school  lab  has  opened  doors  to 
innovations  in  instruction  for  exceptional  learners.  This 
technology  also  provides  avenues  for  the  needed  individu- 
alization requisite  of  a  diverse  group  of  students  in  the 
regular  classroom.  New  devices  and  special  software 
packages  have  been  developed  to  increase  accessibility 
for  children  requiring  assistance  in  computer  access. 
These  include  a  continuum  of  products  from  very  low- 
tech  to  very  high-tech  software,  hardware,  and  instruc- 
tional materials.  The  composite  group  of  hardware 
devices,  software  programs,  special  materials,  techniques 
of  curricular  and  instructional  adaptation,  and  ingenuity  in 
application  of  these  elements  is  considered  access 
technology. 

Often,  the  only  road  block  to  use  of  these  innovations 
is  the  lack  of  preparation  of  the  teachers,  and  a  conmien- 
surate  absence  of  confidence  in  attempting  their  use 
(Barh,  C,  Kinzer,  C.K.,  &  Rieth,  H.,  1991).  The  develop- 
ment of  preservice  (full  courses)  and  in-service  (work- 
shops) on  adapting  computer-based  instruction  for 
exceptional  learners  is  essential  to  empowering  teachers. 
Once  teachers  have  received  training,  disabling  myth- 
based  attitudes  about  the  computer  disappear,  confidence 
replaces  confusion,  and  teachers  are  enthusiastic  about  the 
use  of  computers  in  their  classrooms.  This  benefits  all 
involved,  especially  the  child  with  special  learning  needs. 

The  Design  of  Courses  in  Access  Technology 

Participants  who  have  completed  a  basic  course  in 
computer-based  instruction  for  education  are  much  better 
prepared  for  a  course  in  access  technology  than  those  who 
have  not.  Much  time  (the  first  two  to  three  meetings)  must 
be  spent  on  basics  of  computer  literacy  if  students  have 
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not  had  a  basic  course  before.  It  is  not  unusual  to  have  a 
wide  continuum  of  experience  within  the  group  attending 
class.  Some  students  may,  literally,  have  never  turned  on 
a  computer  before.  Others  may  be  very  experienced  in  use 
of  word  processing,  desk-top  publishing,  and  a  variety  of 
software  programs.  This  results  in  a  very  diverse  group  of 
students  in  the  course. 

The  content  covered  in  any  special  access  course  must 
cover  information  on  a  number  of  very  important  topics. 
These  include  personal  philosophy,  the  use  of  multiple 
platforms,  knowledge  of  basic  hardware,  configuration  of 
special  integrated  boards  and  perij^erals,  software 
evaluation,  curriculum  adaptation  for  the  special  learner, 
and  trouble-shooting  skills. 

The  course  must  also  be  divided  in  terms  of  method  of 
instruction.  Part  of  the  course  must  be  lecture.  In  this  way, 
technical  information  can  be  imparted.  Readings  from  an 
appropriate  text  and  helpful  handouts  in  class  can  support 
the  lectures.  A  heavy  emphasis  must  be  placed  upon  the 
use  of  time  during  class  for  hands-on  experience  with  the 
equipment  in  order  to  apply  the  infonnation  that  has  been 
presented  in  lecture.  Students  should  be  working  together 
in  groups  when  doing  class  assignments.  They  learn  a 
great  deal  from  each  other  and  enjoy  activities  more  when 
working  together  cooperatively. 

Lab  exercises  are  critical  to  the  overall  acquisition  and 
retention  of  iirfonnation  presentedin  class.  When  considering  the 
points  to  beawaided  in  the  course  for  various  activities  (exams, 
projects ,  labs),  the  lab  activities  should  comprise  more  than  half 
the  points  assigned.  S  tudents  should  be  given  time  in  class  to 
practicerequisite  skills  for  completing  lab  assignments.  How- 
ever, they  sbouklhave  out-of-class  exercises.  This  will  require  a 
great  deal  erf  organization  on  the  part  of  the  instructor.  An  open 
lab  with  all  requisite  hardware  must  be  availaWe.  There  should 
be  a  lab  attendant  who  will  sign  out  software  and  sign  off  on  the 
lab  sheet  for  various  activities  which  do  not  result  in  a  print-out  or 
hard  copy  poof  df  completion  (e.g.  computer  tours,  simulations 
oftelecommunicatioasetc.). 

Content  of  the  Courses 

As  mentioned  above,  the  specialized  content  to  be 
covered  in  a  course  on  access  technology  for  special 
populations  is  extensive.  Essential  elements  are  discussed 
below. 

Philosophy 

Tune  spent  in  conceptualizing  a  personal  philosophy 
for  use  of  technology  in  the  classroom  is  very  important. 
The  students  must  also  think  about  their  attitudes  relating 
to  various  disabilities,  preferences  for  platforms  versus 
the  myriad  of  adaptive  devices  available  across  vendors, 
and  their  belief  in  flexibility  in  modifying  instruction  and 
the  classroom  environment. 


Multiple  Platforms 

Third  party  vendors  have  created  an  abundance  of 
adaptive  devices  to  work  with  the  personal  computer 
products  of  many  vendors.  These  include  DOS -based, 
Macintosh,  and  the  Apple  11  families  of  computers.  The 
ability  to  work  with  all  three  "platforms"  is  necessary. 
This  includes  formatting  disks,  booting  and  running 
software,  inserting  circuit  boards,  configuring  disk  drives 
and  printers,  and  trouble  shooUng  the  equipment.  This  is  a 
"tall  order"*  for  any  one  course.  At  a  minimum,  basic 
familiarity  and  minimal  hands-on  experience  with  all 
three  platforms  is  essential  to  adeqtate  preparation  in 
technology  for  special  populations. 

Software  Evaluation 

Participants  must  learn  the  salient  characteristics  of 
good  software  for  use  with  youngsters  in  the  classroom. 
Checklists  of  attributes  that  warrant  rejection  of  p-ograms 
before  purchase  make  up  an  important  portion  of  the 
course.  In  addition  to  consideration  of  the  technical 
aspects,  information  on  categorizing  software  packages 
by  virtue  of  the  type  of  approach  to  instruction  is  impor- 
tant. This  includes  identifying  software  as  drill-and- 
practice,  simulation,  games,  problem  solving,  and 
reference.  When  making  selections,  teachers  must  learn  to 
consider  all  aspects  of  software  programs  as  well  as  the 
stage  of  learning  in  which  the  student  is  engaged  in  any 
particular  content  area  of  the  curriculum. 

Adaptations 

Adaptations  of  the  curriculum  may  be  as  simple  as 
altering  the  number  of  problems  a  given  child  is  expected 
to  complete.  At  a  higher  level  of  sophistication,  authoring 
programs  and  mini-authoring  shells  (e.g.  Tutor  Tech  and 
Spellavator)  can  be  employed  to  individualize  a  student*  s 
work  more  effectively.  Several  sessions  should  deal  with 
these  skills  with  commensurate  lab  exercises  in  software 
evaluation  and  adaptation  for  individual  learners. 

Trouble-Shooting 

The  ability  to  "figure  out  what  is  wrong"  before 
calling  in  the  technician  (if  there  indeed  is  one)  is  requi- 
site of  any  well  prepared  teacher  using  technology  in  the 
classroom.  Many  times,  this  can  be  as  simple  as  checking 
cables  and  connections  at  the  wall  ouUet.  Re-seating 
integrated  circuit  boards,  checking  printer-drivers,  and 
inspecting  daisy  chains  of  disk  drives  are  higher  level 
skills  that  must  also  be  acquired.  This  content  is  of  die 
utmost  importance,  and  includes  some  of  the  most 
enipowering  information  in  any  course  on  computer- 
based  technology. 

High-Tech,  Low-Tech,  and  No-Tech 

Materials  used  in  any  computer  lab  for  regular  or 
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special  education  run  the  gamut  from  very  high-tecb  to 
very  simplistic  no-tech  materials.  An  example  of  high- 
tech hardware  and  material  is  a  braille  printer  and  the 
hard-copy  braille  output  that  it  produces.  No-tech 
materials  can  include  the  use  of  light  filters  (clear  acetate 
colored  report  covers)  that  can  assist  in  improving 
contra<st  on  blue  ditto  copies.  Teachers  must  be  encour- 
aged to  realize  that  they  have  already  come  up  with  many 
low-tech  and  no-tech  approaches  to  adapting  instruction 
on  their  own. 

Evoluotion  Component 

Every  course  must  contain  an  evaluation  component. 
This  is  usually  comprised  of  several  measures  including 
written  exams,  practical  exams,  a  series  of  required  lab 
exercises  and  a  project. 

Exams 

Two  written  exams  are  usually  required.  This  provides 
the  opportunity  to  check  for  assimilation  of  factual 
information.  More  important  is  the  inclusion  of  practical 
exams.  This  includes  the  requirement  of  completing 
checklists  on  the  use  of  all  three  computer  platforms  and 
requisite  skills  in  formatting  disks,  managing  files, 
booting  and  running  software,  installing  boards,  configur- 
ing peripherals,  and  other  relevant  skills. 

Lab  Exercises 

Students  should  receive  a  lab  folder  in  which  to  keep 
the  hard-copy  print  out  of  all  their  lab  exercises.  A  lab 
sheet  including  columns  for  signature  by  the  lab  assistant 
for  assignments  which  do  not  yield  a  print  out  is  also 
included.  Students  can  keep  track  of  their  own  work,  but 
the  folder  should  be  checked  by  the  instructor  periodi- 
cally. If  possible,  the  folders  should  not  leave  the  lab,  but 
be  kept  in  a  class  file  box.  Students  may  keep  extra  copies 
of  their  work  for  insuring  a  recoid  of  their  efforts.  There 
should  be  one  lab  exercise  for  each  three  hour  class 
meeting  (given  a  semester  course).  Workshops  can  yield 
several  products  for  a  one-day  session. 

Project/Technology  Plan 

The  recommended  project  for  this  course  is  a  technol- 
ogy plan  for  the  design  of  a  computer  center  within  a 
given  classroom  or  for  a  computer  center  for  a  school, 
agency,  or  region.  This  reality-based  project  is  accom- 
plished by  teams  of  students  who  must  work  together  in 
cooperative  groups.  A  detailed  format  for  the  project 
report  is  handed  out  at  the  beginning  of  the  semester.  The 
format  of  the  project  resembles  a  grant  proposal.  Time  is 
allowed  in  several  class  sessions  for  group  meetings  and 
for  seeking  input  from  the  instructor.  This  project  has 
been  a  big  hit  with  the  teachers  as  it  provides  first  hand, 
practical  experience  in  grant  writing. 


Cooperative  LecHrning 

Although  the  use  of  computers  has  increased  in 
special  education  classrooms  across  the  country,  the 
number  of  computers  has  not.  A  report  from  the  Office  of 
Technology  Assessment  (1988)  provides  data  indicating 
that  there  is  about  one  computer  for  every  30  students 
enrolled  in  public  schools  in  the  United  States.  With 
increased  computer  mediated  instruction,  the  need  to  have 
children  woilang  together  at  the  computer  has  increased 
(Barh  &  Rieth,  1991).  Studies  have  netted  results  indicat- 
ing that  the  average  student  participating  in  a  cooperative 
learning  situation  performed  better  than  students  in 
competitive  or  individualistic  learning  situations  (John- 
son, Maruyama,  Johnson,  Nelson,  &  Skon,  1981). 

Embedded  within  the  design  of  any  course  in  com- 
puter-based technology  for  special  populations  or 
educational  technology  is  the  need  for  participants  to 
work  cooperatively  together.  In-class  activities  require 
students  to  work  together  sharing  one  computer.  Much 
cross-pollination  ensues  as  teachers  share  their  knowl- 
edge, past  experiences,  perceptions  and  ideas  with  each 
other.  Students  also  get  together  outside  of  class  during 
open  lab  to  assist  each  other  with  lab  assignments. 

Preparation  of  the  technology  plan  requires  students 
to  work  together  in  groups  of  four.  They  must  divide  up 
the  work  and  plan  for  their  combined  group  of  youngsters 
while  addressing  all  the  unique  individual  needs  repre- 
sented in  that  consumer  group.  This  makes  for  some  very 
lively  discussion,  especially  when  formulating  the  budget. 
The  participants  develop  very  extensive  plans  that, 
usually,  are  much  more  comprehensive  than  those 
generated  by  individuals  working :  ^one. 

Curriculor  Implicafions  for  the  Classroom 
Teacher 

The  integration  of  diverse  learners  into  the  regular 
classroom  has  intensified  the  need  for  the  classroom 
teacher  to  ddspi  instruction.  Individualization  of  insUiic- 
tion  is  more  the  norm  than  the  exception.  Through  the  use 
of  computer  mediated  instruction,  many  unique  learning 
needs  can  be  addressed.  The  modifications  which  have 
previously  been  considered  "special  education"  are  now 
just  as  relevant  for  the  students  across  the  regular  class- 
room group.  Specialized  software  enhancing  print  on  the 
screen  is  highly  motivating  for  many  learners,  not  just 
those  with  a  visual  impairment.  Talking  software  and  the 
various  voices  provide  motivation  to  read  through 
listening  for  all  children,  not  just  the  learning  disabled. 
Voice  activated  technology  will  address  the  access  needs 
of  many  individuals,  not  just  the  physically  challenged. 
Flexibility,  ingenuity,  and  creativity  in  curriculum 
adaptation  and  educational  planning  are  limitless  when 
considering  the  myriad  of  products  on  the  market. 

The  classroom  teacher  involved  in  access  technology 
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and  adapting  curricula  for  a  diverse  group  of  learners  will 
be  empowered  to  facilitate  success  tlirough  innovation. 
Iliese  varied  approaches  to  instructiOT  will  assist  all 
leamers,  including  those  with  spcc\ai  learning  needs.  By 
enabling  those  with  disabilities,  the  learning  experience  of 
all  others  involved  is  enhanced.  Truly,  access  technology 
has  value  for  all  students — not  for  special  education. 
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Moving  beyond  the 
calculator: 
Spreadsheets  In 
elementary  and  middle 
level  mathematics 

Ron  Zambo 
Arizona  State  University  West 


Introduction 

The  National  Council  of  Teacliers  of  Mathematics 
(NCTM)  (1989)  recommended  that  computers  be 
integrated  with  mathematics  instruction  at  all 
levels  including  the  elementary  and  middle  grades. 
Computers  could,  among  other  things,  provide:  a)  an 
instructional  platform  for  the  introduction  of  new  content, 
b)  a  powerful  tool  to  free  students  from  the  drudgery  of 
computing  numbers  so  they  can  focus  on  higher  level 
thinking  skills,  c)  a  connection  between  the  concrete  and 
the  abstract  through  dynamic  visual  displays,  and  d) 
varied  problem  solving  situations  and  applications. 

As  teachers*  access  to  computers  and  opportunities  for 
computer  training  increases,  the  amount  of  computer  use 
in  classrooms  is  also  increasing.  However,  data  indicate 
that  many  teachers  who  utilize  computers  in  their  class* 
rooms  tend  to  focus  almost  exclusively  on  drill  and 
practice  software  (CardeUe-Elawar  &  Zambo,  1991).  The 
emphasis  on  drill  and  practice  is  not  surprising  in  light  of 
WiUoughby's  (1990)  finding  that  more  than  90%  of 
instructional  software  is  designed  to  train  the  user  in  some 
specific  low  level  skiU.  Using  computers  as  a  medium  for 
drill  and  practice  is  contrary  to  the  NCTM's  vision  of 
classroom  computer  use  and  the  emphasis  on  lov^r  level 
skills  is  inappropriate  for  quality  mathematics  instruction. 

One  type  of  program  not  usually  thought  of  as 
instructional  software  has  many  applications  in  the 
mathematics  classroom.  The  spreadsheet,  thought  of  as  a 
tool  for  finance,  is  commonly  available  and  can  be  used 
as  a  tool  for  processing  information  and  performing 
calculations  to  investigate  mathematical  relationships  and 
solve  problems.  Spreadsheets  are  ideally  suited  for  many 
of  the  types  of  activities  envisioned  by  the  NCTM. 
Spreadsheets  can:  a)  provide  students  with  a  powerful  tool 
for  performing  tedious  computations  freeing  them  to 
engage  in  higher  level  thinking,  b)  generate  patterns 
helpful  for  understanding  mathematical  relationships  and 
concepts,  c)  provide  students  with  an  opportunity  to  ask 
"what  if  questions  and  see  the  results  of  their  choices 
immediately,  and  d)  introduce  students  to  concepts  of 
algebra  by  demonstrating  the  use  of  formulas  and 
equations. 

In  spite  of  the  great  potential  for  spreadsheet  use  in 
mathematics  instruction,  the  literature  discussing  potential 
applications  is  limited.  A  search  of  ERIC  from  1986  to 
the  present  identified  fewer  than  20  articles  addressing  the 
use  of  spreadsheets  in  elementary  and  middle  level 
mathematics  instruction.  None  of  the  articles  were 
research  oriented.  All  of  the  articles  promoted  the  use  of 
spreadsheets  aiKl  iM"esented  specific  examples  of  their  use 
in  the  classroom.  The  content  of  the  described  activities 
was  diverse  and  included  such  topics  as:  making  sense  of 
large  numbers,  keeping  financial  records  for  a  classroom 
token  economy,  keeping  recc»:ds  for  studies  dealing  with 
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probabUity,  estimating  quotients  for  and  solving  long 
division  problems,  doing  complex  calculations,  investi- 
gating Hbonacci  series,  generating  patterns  for  the 
discovery  of  mathematical  relationships,  solving  word 
problems,  and  solving  equations. 

Tlie  described  uses  of  spreadsheets  can  be  classified 
mto  two  major  groups:  a)  using  spreadsheets  for  solving 
problems  and  finding  the  solutions  to  equations,  and  b) 
using  spreadsheets  to  generate  patterns  of  data  for  the 
exploration  of  relationships  and  numbers. 

Tliis  paper  wUl  describe  some  of  the  suggested 
activities  and  briefly  discuss  some  considerations  for  the 
implementation  of  spreadsheets  in  elementary  and  middle 
level  mathematics  instruction. 

Solving  Equations  and  Word  ProWenrw  wHh 
SpreodshMts 

One  use  of  spreadsheets  in  mathematics  instruction  is 
for  the  solution  of  equations  and  word  problems  using  a 
trial  and  error  approach.  The  efficiency  of  the  trial  and 
error  approach  is  mcreased  by  the  spreadsheet's  capability 
to  display  multiple  calculations  simultaneously. 

Solving  Algebraic  Word  Problenos 

Arad  (1987)  described  using  spreadsheets  for  solving 
algebraic  word  problems.  He  offered  that  teachers  should 
approach  algebraic  word  problems  through  the  application 
of  heuristics.  Teachers  instruct  students,  among  other 
things,  to  set  up  tables,  to  write  equations  and  solve 
equations,  and  to  check  the  reasonableness  of  their 
answers.  Arad  suggested  that  solvmg  problems  with  a 
spreadsheet  requires  students  to  follow  similar  steps. 
Consider  the  following  word  problem. 

Henry  has  twice  as  many  quarters  as  dimes  and  the 
value  of  all  the  coins  totals  $9.60.  How  many  dimes 
and  quarters  does  Henry  have? 

Solving  this  problem  with  a  spreadsheet  involves 
creating  a  template  that  calculates  the  number  of  quarters 
and  computes  the  total  value  of  the  quarters  and  the 
dimes,  when  a  value  for  the  number  of  dimes  is  entered. 
Arad  (1987)  stated  that  it  is  reasonable  to  expect  that  the 
template  will  be  organized  in  the  form  of  a  table  and  that 
the  cells  of  the  table  will  contain  equations  that  in 
combination  represent  the  problem.  After  the  template  is 
created,  students  solve  the  problem  using  a  "trial  and 
error"  approach.  That  is,  the  students  enter  values  for  the 
number  of  dimes  until  the  total  value  of  all  the  coins  is 
equal  to  $9.60.  During  this  process  the  students  must 
compare  the  results  to  the  desired  goal  of  $9.60. 

Solving  and  Graphing  Quadratic  Equations 

Equations  can  be  solved  in  a  similar  manner  with  a 


spreadsheet  McDonald  (1988)  discussed  using  spread- 
sheets for  exploring  and  solvmg  both  quadratic  equations 
and  systems  of  equations.  Both  processes  involve 
guessing  a  value  for  a  variable  and  tiien  reguessing  after 
considering  the  results  obtained  witii  the  previous  value. 

For  example,  a  student  can  find  \ht  roots  of    -2X  -3 
=  0  by  creating  a  spreadsheet  template  tiiat  calculates  the 
value  of    -2X  -3  when  a  value  for  X  is  entered.  Through 
systematic  evaluations,  that  is,  by  systematically  entering 
values  for  X,  a  student  can  discover  which  values  for  X 
wiU  result  in  X^  -2X  -3  being  equal  to  zero.  Those  values 
are  Uie  solutions  to  die  equation.  Altiiough  irrational  roots 
are  not  identifiable  witii  tiiis  method,  close  approxima- 
tions of  irrational  roots  can  be  attained  by  using  tiie  trial 
and  error  ^proach. 

Inspection  of  the  data  generated  in  tiie  search  for  tiie 
roots  also  enables  smdents  to  find  tiie  mmimum/maxi- 
mum  value  for  tiie  function.  Spreadsheets  which  have 
graphing  capabilities  can  easily  display  tiie  results  of  tiie 
repeated  systematic  evaluations  as  a  graph.  This  visual 
representation  provides  students  witii  an  opportunity  to 
conceptualize  tiie  meanmg  of  "roots"  to  quadratic 
equation  and  also  tiie  meaning  of  minimum/maximum 
values  witiiout  the  burden  of  repeated  paper  and  pencil 
calculations  at  different  values  of  X. 

Solving  Syst^nns  of  Equations 

McDonald  (1988)  described  a  similar  technique  for 
solving  a  system  of  two  equations  witii  two  unknowns.  A 
template  is  created  which  will  solve  each  of  tiie  two 
equations  independently  for  "Y"  when  a  value  for  "X"  is 
entered.  To  solve  both  equations  simultaneously  the 
student  must  find  tiie  value  for  "X"*  which  yields  tiie  same 
"Y"  in  botii  equations.  Once  tiie  template  is  constructed, 
tiie  student  can  once  again  proceed  in  tiie  trial  and  error 
manner  until  the  con  xi  value  is  found. 

Division 

Dubitsky  (1988)  described  tiie  use  of  spreads.beet  for 
solving  division  problems.  She  contends  tiiatmany 
students  have  difficulty  witii  tiie  long  division  algoriUim 
and  become  lost  in  their  computational  efforts  so  tiiat  they 
never  fully  understand  tiie  concept  Consider  tiie  follow- 
ing problem. 

744  computers  were  shared  equally  among  8  schools. 
How  many  computers  did  each  school  receive? 

Dubitsky  (1988)  recommended  solving  tiiis  problem 
by  constructing  a  template  into  which  tiie  student  enters  a 
value  for  tiie  number  of  computers  given  to  each  school. 
The  spreadsheet  calculates  botii  tiie  total  number  of 
computers  distributed  based  on  that  entry  and  tiie  number 
of  computers  tiiat  would  be  left  over.  Students  solve  tiie 
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problem  by  guessing  the  number  of  computers  to  be  given 
to  each  school  and  then  revising  their  guesses  based  on 
the  outcomes.  Edwards  and  Bitter  (1989)  suggest  a 
similar  approach  to  solving  problems  that  involves 
operations  other  than  division. 

Open-ended  Problem  Solving 

Hoeffner,  Kendall,  Stellenwerf,  Thames,  and  Williams 

(1990)  described  using  spreadsheets  for  solving  problems 
which  typically  are  not  solved  algebraically  but  that 
require  a  substantial  number  of  calculations.  In  one 
example,  the  students  are  required  to  plan  a  party.  They 
must  determine  the  amount  of  money  to  charge  students 
for  tickets  to  the  party  so  that  enough  money  will  be 
collected  to  pay  for  the  party  supplies.  After  the  creation 
of  the  template,  the  spreadsheet  allows  the  students  to 
explore  several  options  in  tenns  of  decorations  and 
choices  of  food  before  choosing  a  solution.  Freed  from 
the  tediouf  computations  needed  to  determine  the  results 
of  the  various  options,  the  students  can  concentrate  on 
evaluating  the  outcomes.  Without  the  power  of  the 
spreadsheet,  the  large  number  of  required  computations 
would  become  tiresome  and  the  focus  of  the  problem 
would  change  dramatically. 

This  type  of  problem  solving  situation  is  quite 
different  from  those  previously  described.  The  problem 
does  not  have  one  correct  answer  that  can  be  found  by 
trial  and  error.  Instead,  there  are  an  infinite  number  of 
possible  solutions.  The  spreadsheet  allows  the  students  to 
consider  options  before  choosing  the  solution  they  judge 
as  the  best. 

Troutner  (1988)  suggested  similar  financial  analysis 
activities,  for  example,  investigating  pr'^jected  income 
and  expenses  from  a  school  car  wash  to  determine  a 
reasonable  charge  per  car.  This  is  also  a  divergent 
problem  and  the  use  of  the  spreadsheet  does  not  result  in 
the  discovery  of  the  one  correct  answer  but  allows  for  the 
analysis  of  various  options. 

Exploring  Numbers  and  Relationships 

The  second  type  of  activity  suggested  for  spreadsheets 
deals  with  the  generation  of  data  to  investigate  numbers 
and  mathematical  relationships.  Paricer  and  Widmer 

(1991)  edited  a  compilation  of  activities  to  help  children 
develop  a  sense  of  large  numbers  through  the  use  of 
spreadsheets.  Consider  the  following  question. 

If  your  heart  beats  one  time  every  second,  how  long 
will  it  take  your  heart  to  beat  one  million  times? 

The  number  1  (XX)  000  is  difficult  to  comprehend.  A 
template  that  converts  beats  per  second  into  beats  per 
minutes  into  beats  per  hour  and  so  on,  can  provide  the 
answer  to  this  question  and  help  students  to  attain  a  feel 


for  the  ampiuude  cf  large  numbers.  Knowing  that  it  takes 
over  1 1  days  for  your  heart  to  beat  1  000  000  times  helps 
in  understanding  the  magnitude  of  one  million.  Similar 
questions  using  very  large  or  very  small  numbers  were 
also  suggested. 

Vemot  (1968)  recoomicnded  the  u:ie  of  spreadsheets 
to  help  students  understand  concepts  si»d!  as  averages.  A 
template  can  be  constructed  that  keeps  a  running  average 
of  numbers  as  they  are  entered.  By  entering  numbers  and 
observing  their  effects  on  the  average,  students  can  make 
conjectures  about  the  relationships  between  the  numbers 
and  the  average.  For  example,  they  might  discover  that  if 
a  number  is  entered  that  is  higher  than  the  average,  the 
average  will  increase,  or  that  the  more  numbers  that  are 
being  averaged  the  less  effect  each  additional  number  has 
on  the  average. 

Other  simple  spreadsheet  templates  can  be  created  to 
generate  data  to  serve  as  a  focus  for  students'  examina- 
tions of  relationships.  For  example,  a  spreadsheet  could 
display  powers  of  ten  and  their  equivalent  standard 
numerals.  This  data  could  lead  to  understanding  the 
relationship  between  the  whole  number  powers  of  ten  and 
the  number  of  zeros  in  the  equivalent  standard  numerals. 
The  same  activity  could  help  students  to  develop  a  deeper 
understanding  of  place  value.  Although  identical  data 
could  be  generated  with  calculators,  spreadsheets  have  the 
capability  of  displaying  the  results  of  several  trials 
simultaneously  to  encourage  the  search  for  patterns 
without  the  need  to  record  the  results  of  individual  trials. 

Other  examples  of  spre  idslieet  explorations  include: 
investigations  of  the  measure  of  the  interior  and  exterior 
angles  of  regular  polygons  with  various  numbers  of  sides 
(McDonald,  1988) ,  the  effects  of  doubling  and  redou- 
bling a  given  number,  the  generation  of  Fibonacci  series 
and  the  prqwrtions  between  consecutive  terms  (Verdeber, 
1991),  and  the  fluctuations  in  the;  volume  and  area  of 
figures  when  dimensions  are  varied. 

Conclusions 

Spreadsheets  are  widely  accessible  and  powerful  tools 
that  can  be  used  to  presc;nt  aiul  explore  a  broad  variety  of 
mathematical  topics  at  various  ability  levels.  Because  of 
the  versatility  of  spreadsheets,  teachers  should  be  trained 
in  their  use  and  be  provided  with  the  opportunities  to 
explore  their  various  aj^lications.  Spreadsheets  can 
provide  teachers  and  students  with  the  means  to  solve 
problems  and  explore  mathematical  relationships  in  a 
manner  consistent  with  the  recommended  goals  of  the 
NCTM. 
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Teacher  educators'  uses  of 
computers  in  teaching 

Keith  Wetzel 
Arizona  State  University 
West  Campus 


Education  majors  who  become  teachers  report  that 
they  do  not  feel  prepared  to  integrate  technology 
into  their  instruction  when  they  are  employed  in 
schools.  This  indictment  of  our  teacher  preparation 
programs  is  revealed  by  a  siu^ey  conducted  by  the  Office 
of  Technology  Assessment  (OTA,  1988).  The  data 
indicated  that  although  89  percent  of  all  schools  of 
education  offer  some  form  of  computer  training  for  their 
students,  two-thirds  of  the  graduates  of  teacher  prepara- 
tion institutions  did  not  feel  ready  to  use  compute  in 
teaching.  These  data  are  somewhat  disheartening  to 
teacher  educators  who  struggled  for  a  decade  to  prepare 
future  teachers  to  insUuct  with  techno?  jgy.  As  we  look 
back  over  the  decade  and  assess  our  programs  we  must 
ask  why  we  have  not  succeeded  to  the  degree  we  might 
wish.  One  conclusion  was  reached  by  the  editors  of 
Electronic  Learning  (1991)  after  an  analysis  of  their 
survey  of  deans,  faculty,  and  computer  coordinators  at  the 
15  largest  U.S.  schools  of  education:    . .  technology 
does  not  penneate  a  student's  typical  preservice  education 
experience,  and  that  is  a  major  impediment  to  technology 
use  once  they  become  teachers."  ( p.  21) 

Our  professional  societies.  International  Society  for 
Technology  in  Education  OSTE)  and  National  Council  for 
the  Accreditation  of  Teacher  Education  (NCATE),  have 
adopted  competencies  that  we  seek  to  develop  in 
preservice  students.  Previously,  I  discussed  a  preservice 
model  (Wetzel,  '92)  to  develop  these  competencies.  The 
model  contains  a  combination  of  these  components: 


I.  A  three  semester  hour  core  course  in  computer 
applications  and  issues  that  can  be  a  lower  division 
university  requirement  or  an  education  department 
requirement. 

II.  Professors  who  model  uses  of  the  computer  in  their 
courses  by 

a.  Using  presentation  programs 

b.  Presenting  lessons  integrating  subject  specific 
software 

c.  Requiring  students  to  evaluate  software  and 
microteach  using  software 

d.  Requiring  students  to  use  computer  applications 
(word  processing,  database,  and  spreadsheet) 
throughout  their  content  and  methods  courses  to 
complete  course  assignments. 

III.  Field  experiences  with  supervising  teachers  whose 
students  use  computers  in  their  classes  or  in  a  lab. 


I  am  aware  of  the  debate  between  those  who  think  that 
the  first  component,  a  core  course,  is  vital  and  those  who 
think  that  core  course  competencies  should  be  taught 
within  methods  and  content  courses.  Whatever  our 
differing  positions  might  be  on  this  question,  we  must 
agree  that  the  second  component,  that  of  having  content 
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and  methods  instructors  integrate  the  computer  into  their 
instruction  and  require  that  their  students  do  the  same,  is 
vital.  If  we  want  education  majors  to  feel  well  prepared  to 
integrate  technology  into  their  classrooms,  then  we  should 
provide  faculty  models  who  do  that  themselves.  This 
paper  reports  on  a  survey  of  faculty  members  designed  to 
provide  data  related  to  professors  use  of  computers  in 
their  classes. 

A  review  of  the  literature  on  professors  use  of 
computers  and  technology  in  their  teaching  reveals  a 
sunple  fact:  most  don't.  Based  on  their  1990  case  study, 
Grant  and  Geske  conducted  a  case  study  of  21  tenured 
and  untenured  faculty  in  a  department  of  journalism  and 
communication  and  found  **. . .  there  is  little  evidence  that 
journalism  and  communication  faculty  are  . . .  integrating 
the  computing  technology  into  their  teaching  function.'* 
Berenson  and  Stiff  (1989)  surveyed  25  undergraduate 
science  and  math  faculty  participating  in  an  National 
Science  Foundation  (NSF)  study  and  60  of  their  col- 
leagues from  two  colleges  who  were  not  participating  in 
the  NSF  study.  The  researchers  report  that  prior  to  the 
project  most  faculty  members  had  not  used  technological 
tools  for  undergraduate  instruction.  For  example,  67 
percent  seldom  or  never  used  the  computer  as  a  classroom 
demonstration  tool.  How  did  the  faculty  use  computers? 
The  most  frequent  use  of  computers  was  word  processing. 
Eighty-two  percent  reported  writing  articles  or  reports 
with  it.  Only  13.9  percent  of  faculty  made  assignments 
that  required  their  students  to  use  computers  and  only 
10.4  percent  developed  c(xnputer  applications  for  their 
courses. 

What  are  some  of  the  reasons  faculty  members  do  not 
use  computer/technology  in  their  teaching?  Jacoboson  and 
Weller  (1987-88)  surveyed  faculty  of  the  School  of 
Humanities  of  the  University  of  Illinois  at  Urbana  and 
found  that  96  percent  of  respondents  were  interested  in 
using  computers,  and  that  60  percent  considered  lack  of 
training  an  obstacle  to  computer  use  in  research,  profes- 
sional activities  and  teaching.  Staman  (1990)  reported  on 
the  action  plan  for  infusing  technology  in  the  teaching/ 
learning  process  at  West  Chester  University.  He  believes 
that  obstacles  include  lack  of  awareness  of  the  potential 
offered  by  technology  and  a  dearth  of  successful  ex- 
amples of  use  of  technology  in  all  disciplines.  Staman 
also  described  fundamental  faculty  concerns  such  as  the 
place  technology  plays  in  the  restructuring  of  the  class- 
room. After  conducting  a  microcomputer  infusion  project, 
Rossberg  and  Bitter  (1989)  summarized  the  attitudes  of 
those  not  interested  in  using  computers  for  instruction:  1) 
the  computer  was  not  a  time  saving  device  until  one  has 
mastered  it;  2)  technology  was  viewed  as  a  dehumanizing 
device;  3)  staff  did  that  kind  of  work  for  them;  4)  many 
were  simply  afraid  of  the  computer. 


Method 

The  survey  population  included  all  faculty  in  the 
education  unit  at  Arizona  State  University  West  Campus, 
a  new  branch  campus  of  ASU  The  education  unit  includes 
28  faculty  in  educational  psychology,  administration, 
foundations,  and  curriculum  methods.  The  survey  was 
sent  out  to  obtain  baseline  data  that  would  allow  us  to 
ascertam  where  we  are,  how  far  we  have  to  go,  and 
perhaps  lay  the  foundation  for  a  discussion  of  the  part  we 
want  technology  to  play  in  our  program.  I  asked  faculty 
what  they  are  presently  doing  in  their  courses  and  whrt 
they  would  like  to  do  in  the  future.  Surveys  were  sent  to 
28  faculty.  Seventy-five  percent  (21)  returned  the  survey. 

The  questionnaire  consisted  of  16  questions  covering 
current  uses  of  technology  in  the  classroom,  possible 
fuuire  uses  and  obstacles  to  further  use.  The  questions 
regarding  perceived  obstacles  to  further  use  and  other 
concerns  of  the  faculty  were  open  ended.  This  allowed 
faculty  to  express  as  many  and  as  varied  concerns  as 
possible. 

The  survey  was  to  provide  information  for  improving 
our  integration  of  computers  into  teaching  and  learning.  I 
was  particularly  interested  in  gaining  specificity  about 
current  uses  of  technology  in  teaching,  insight  into  what 
they  would  consider  doing  m  the  future,  and  the  obstacles 
that  prevented  them  from  making  progress.  I  asked 
specifically  about  the  modeling  of  tasks  that  professors 
were  doing. 

Findings 

Twenty-one  faculty  members  returned  surveys.  Of 
these,  4  (10%)  stated  that  computers  have  no  role  in  their 
classes  (Table  1).  Responses  from  the  remaining  faculty 
weie  divided  into  two  groups:  those  currently  using  them 
and  those  not  using  them,  but  interested  in  doing  so. 

Current  Use 

Faculty  who  use  computers  in  their  classes  were  asked 
to  indicate  how  they  use  them.  The  largest  percentage  of 
the  faculty  (81%)  recommend  (orally  or  in  syllabi)  that 
students  use  productivity  tools  to  do  the  work  for  their 
courses  (Table  1).  In  this  category,  most  often  faculty 
recommend  that  students  use  word  processing  to  write 
papers,  lesson  plans  and  design  materials  (overhead 
transparencies).  To  a  lesser  extent  they  recommend  using 
tools  for  data  analysis  (24%),  telecommunications  (5%) 
and  music  notation  (5%).  Only  one  faculty  member 
requires  students  to  evaluate  software  and  only  two 
faculty  members  demonstrate  instructional  software  in 
then-  courses.  The  other  uses  of  the  computer  that  faculty 
listed  include:  computerized  Individualized  Educational 
Plans,  computer-based  problem  solving,  and  behavior 
management  tools. 
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Table  1 

Computer  Uses  Modeled  In  Classroom:  Presently  Used,  Interested  In  Using  and  Combined  Use 


Currently 

Use 

Interested 
in  Using 

Total 

Uses  of  Comnutfir  in  Plassroom* 

70 

W 

at, 
Tto 

W 

Lecture  and  discussion  tool 

A 
*t 

90 

o 

AO. 

lU 

Demonstrate  in^trurtionfi]  R^f^lva^e 

in 

*fj 

0 

1 1 

Software  pvitlimtion  iiQQionmpntQ 

K 

J 

1 

AQ 

1 A 

j3 

1 1 

RPi^nmmPnHp/1*  Qftlfi/>ntc  tlC^  tru^lc  tr\  fir\  occirrnmonfc 
ixuvuiiiui&llUCU.  olUUClllo  U5C  iUUIa  lU  UO  aooliIIilllCnio 

81 

17 

Required:  Students  use  tools  to  do  assignments 

81 

17 

Other  uses  in  classroom 

33 

7 

14 

4 

48 

10 

Computers  have  no  role  in  my  course 

19 

4 

5 

1 

24 

5 

'n  =  21 

Interested  In  Using 

In  this  group  are  responses  from  faculty  who  would 
like  to  use  computers  in  their  classes,  but  do  not  presently 
do  so. 

Five  of  the  current  use  survey  questions  were  repealed 
for  interested  in  using.  Two  questions  were  reworded: 
'*Do  you  recommend  that  students  use  productivity  tools 
to  do  the  work  for  your  course?**  was  changed  to  "Would 
you  requue  that  students  use  productivity  tools  to  do  the 
work  for  their  courses?"  Once  again,  the  largest  percent- 
age of  faculty  indicated  a  willingness  to  require  students 
to  use  computer  tools  to  complete  assignments  if  the 
students  had  adequate  access  to  computers  at  home  or 
university  and  a  working  knowledge  of  the  tool  software 
required.  Other  responses  on  ways  to  use  co.  jputers  in  the 
classrocMn  included:  to  model  [lessons  integrating 
computer  use]  for  my  students;  demonstrate  how  children 
can  learn  a  second  language  through  computers  and 
demonstrate  usages  for  bilingual/ESL  teaching;  and 
develop  interactive  video  lessons  on  infant  development. 

The  other  reworded  question:  "Do  you  demonstrate 
instructional  software  as  another  form  of  media?"was 
changed  to  "Would  you  demonstrate  mstructional 
software  if  you  had  access  to  a  variety  of  software  in  your 
area?"  Forty-three  percent  of  the  faculty  mdicated  an 
interest  in  demonstrating  software  in  their  classes  if  it  was 
available.  Also,  48  percent  of  faculty  were  interested  m 
having  their  students  evaluate  software  (Table  1). 


Combined  Current  Use  and  Interest  In  Using 

Looking  at  the  data  gathered  from  both  those  presently 
using  and  those  interested  in  using  reveals  that  most 
faculty  members  are  reconmiending  that  students  use 
appropriate  computer  tools  to  do  assignments  and  they  are 
willing  to  require  students  to  do  so  given  the  right 
conditions.  About  one-half  of  the  faculty  are  demonstrat- 
ing or  are  interested  in  demonstrating  appropriate  uses  of 
software  in  their  classes,  requiring  students  to  evaluate 
instructional  software,  and  using  lecture  and  discussion 
tools  (such  as  Aldus  Persuasion). 

Obstacles 

As  noted  above,  not  all  faculty  are  interested  in  usmg 
computers  in  their  classes.  Further,  even  those  who  are 
using  or  are  interested  in  using  computers  report  barriers 
to  use.  Seventeen  of  21  respondents  cited  obstacles  which 
fell  into  three  general  categories:  1)  lack  of  mformation, 
2)  lack  of  time  or  no  room  m  the  curriculum  to  add 
anythmg  new,  and  3)  lack  of  software  or  equipment. 

Discussion  ond  Implications 

The  findings  concerning  the  faculty  who  use  or  are 
interested  in  using  computers  m  mstruction  are  encourag- 
ing. The  survey  results  indicate  a  high  degree  of  willing- 
ness to  ask  students  to  use  productivity  tools  and  evaluate 
software,  and  for  faculty  to  personally  use  computer 
based  presentation  tools.  Although  only  one  faculty 
member  is  presently  demonstrating  instructional  software 
and  only  two  require  students  to  evaluate  mstructional 


Teocher  oduccrtors'  uses  of  computers  in  teaching  409 

422 


software,  about  50  percent  indicated  they  are  interested  in 
doing  so  in  the  future.  Comments  of  faculty  members  also 
illustrate  an  interest  in  doing  more  in  their  content  areas  to 
prepare  preservice  students  to  teach  in  the  information 
age* 

The  obstacles  to  teachmg  with  computers  revealed  by 
this  survey  parallel  those  found  by  Jacobson  and  Weller 
(1987-88).  They  found  that  60  percent  of  the  humanities 
faculty  felt  a  lack  of  training  was  an  obstacle  to  computer 
use  in  teaching,  research  and  professional  activities.  To  a 
lesser  extent,  faculty  also  thought  hardware  and  software 
were  obstacles. 

Some  of  the  barriers  cited  were  no  surprise.  The 
faculty  I  surveyed  have  one  of  the  best  facilities  around, 
yet  they  continue  to  cite  problems  with  lack  of  software  or 
equipment.  A  close  reading  of  their  comments  seems  to 
indicate  that  most  of  these  concerns  center  on  a  lack  of 
software  in  their  particularly  discipline  which  may  well  be 
the  case.  Only  a  few  expressed  concern  about  access  to 
equipment.  Faculty  also  made  comments  that  centered  on 
lack  of  time  to  obtain  information  themselves  and  to  add 
computers  to  an  aheady  full  class  time. 

Most  revealing  were  the  many  comments  grouped 
under  lack  of  knowledge.  It  appears  that  it  is  not  just 
technical  knowledge  that  the  faculty  lack,  but  a  knowl- 
edge of  how  to  use  the  computers  in  instruction.  All  of  the 
faculty  surveyed  have  computers  in  their  offices  and  use 
the  computer  regularly  as  a  personal  tool  With  the 
exception  of  urging  students  to  use  word  processing  to  do 
their  assignments,  however,  the  majority  of  faculty 
members  do  not  teach  with  computer  technology.  This 
may  be  because  many  faculty  do  not  have  a  vision  of  why 
and  how  to  use  computers  in  the  classroom. 

Although  personal  computer  literacy  may  provide  a 
valuable  foundation  for  computer  applications  in  teach- 
ing, this  survey  revealed  that  there  is  a  sizable  gap 
between  personal  computer  use  and  use  in  teaching.  Our 
challenge  is  to  provide  a  clear  vision  of  how  computers 
aiui  technology  can  transform  classroom  instruction.  As 
Kozma  and  Johnson  (1991)  stated  Computers  will  have 
their  ultimate  impact  only  when  faculty  members  are 
presented  with  vivid  images  of  how  computers  will 
change  the  classroom  and  changes  what  students  do  when 
they  study,  (p.  23) 

The  purpose  of  this  survey  was  to  provide  information 
for  improving  the  integration  of  computers  into  teaching 
and  learning  at  ASU  West  Campus.  I  was  particularly 
interested  in  gaining  specificity  about  current  uses  of 
technology  in  teaching,  insight  into  what  faculty  would 
consider  doing  in  the  future,  and  the  obstacles  that 
prevented  them  from  making  progress.  This  survey 
provided  me  with  some  msights  mto  the  need  to  develop  a 
vision  of  what  is  possible.  The  need  for  training  support  is 
also  evident  I  found  the  number  of  faculty  members  who 


were  interested  in  exploring  this  area  to  be  heartening. 
Others  seeking  to  influence  change  in  their  departments 
may  wish  to  consider  developing  a  survey  to  provide  a 
base  of  information  u>  begin  the  planning  process  for 
change. 
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Centers  for  professional 
development  and 
technology: 
CEDE  In  San  Antonio 

Richard  A,  Diem 
Universily  of  Texas  at  Son  Antonio 


In  January,  1992,  the  first  drafts  of  the  Texas  Educa 
tion  Agency's  call  for  proposals  for  the  planning  of 
Centers  for  Professional  Development  and  Technol- 
ogy appeared.  Educational  institutions  throughout  the  San 
Antonio  metropolitan  area  involved  with  preservice  and 
inservicc  teacher  education  programs  began  meeting  with 
community  organizations  to  discuss  mechanisms  that 
might  bring  tbem  together  in  collaboration  in  order  to 
establish  a  community-wide  professional  development 
center.  During  the  ensuing  months:  (1)  prospective 
members  of  such  a  collaborative  met;  (2)  a  planning  grant 
to  develop  the  entity  was  written  and  funded  by  the  Texas 
Education  Agency;  (3)  a  working  conference  for  all 
members  of  the  proposed  coUaborative  was  held  to 
develop  premises  on  which  a  Center  would  be  based  and 
formulate  practices  for  it;  (4)  a  conununity-wide  confer- 
ence that  included  presentations  on  professional  develop- 
ment  and  the  integration  of  state  of  the  art  technology  in 
educational  settings  was  conducted;  (S)  a  governance 
structure  that  ensured  both  teacher  participation  and 
representation  was  prepared;  (6)  a  community-wide  needs 
assessment  that  helped  determine  the  prc^essional  focus 
of  a  Center  was  conducted;  and  (7)  a  dissemination  and 
evaluation  model  for  the  Center  was  constructed.  As  a 
result  of  these  endeavors,  the  Center  of  Educational 
I>evelopment  and  Excellence/Centro  Educacional  para  el 
DesarroUo  y  Excelencia  (CEDE)  was  formed. 

Members  of  the  CEDE  Collaborotive 

The  charter  partners  from  the  greater  San  Antonio  area 
that,  working  together,  created  CEDE  are  faculty,  staff, 
and  administrators  from:  Edgewood  Independent  School 
district  (Edgewood  ISD),  Incarnate  Word  College  (IWC), 
Our  Lady  of  the  Lake  University  (OLLU),  Providence 
High  School  (PHS),  Northeast  Independent  School 
District  (NEISD),  Northside  Independent  School  District 
(NISD),  Region  20  Education  Service  Center  (ESC-20), 
St.  Anthony  School  (St.  Anthony's),  St.  Martin  Ha?! 
School  (ST.  Martin's),  St.  Mary's  University  (St  mary's), 
St.  Peter  prince  of  Apostles  School  (St  Peter's),  San 
Antonio  (Community)  College  (SAC),  San  Antonio 
Independent  School  District  (SAISD),  Trinity  Jniversity 
(TU),  The  University  of  Texas  at  San  Antonio  (UTS  A), 
The  University  of  Texas  at  San  Antonio  Alliance  for 
Education  (UTS  A  Alliance),  and  members  of  the  San 
Antonio  business  community  (see  Figure  1).  It  is  planned 
that,  as  the  Center  evolves,  additional  representatives 
from  public  and  private  schools,  as  well  as  diverse 
community  businesses  and  organizations  from  throughout 
South  Central  Texas,  will  be  added. 

CEDE  Objectives 

CEDE  is  conuni  ted  to  building  on  the  multicultural 
characteristics  and  [jeritage  of  the  San  Antonio  commu- 
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nity — a  tradition  not  just  of  accommodating  and  assimi- 
lating but  of  celebrating  the  richness  of  its  diverse 
cultures.  The  Institute  of  Texas  Culture's  research 
division  estimates  that  ihctc  arc  more  than  50  different 
cultue  groups  represented  in  San  Antonio's  population. 
Some  are  organized  fwmally;  others  are  present  in  less 
formal,  familial,  neighborhood,  and  community  groups. 
Many  community  agencies  offer  ways  for  city  residents 
and  visitors  to  interact  with  the  traditions  of  different 
culture  groups  and  to  participate  in  events  that  mark 
special  values,  celebrations,  or  holidays  of  the  various 
cultures. 

From  its  onset,  CEDE  collaborative  planners  insisted 
that  the  Center  must,  first  and  foremost,  develop  teachers 
in  settings  that  reflect  San  Antonio's  cultural  richness 
and,  further,  tiiat  those  teachers  must  be  prepared  to  create 
classroom  environments  in  which  all  smdents  are  effec- 
tively integrated  and  in  wbich  diversity  is  valued  and 
celebrated.  It  is  the  collaborative' s  belief  that  such  efforts, 
including  access  to  technology  literacy  and  competency, 
will  result  in  more  equitable  access  to  rich  educational 
experiences  for  all  students. 

CEDE  sites  will  be  selected  to  represent  the  ethnic, 
social,  economic,  and  cultural  diversity  of  die  area.  Public 
schools  and  Catholic  private  schools  that  contain  a 
representative  cross-section  of  the  SouUi  Texas  peculation 
are  included  in  the  center  and  will  be  the  setting  for  much 
of  die  preservice  preparation  of  teachers.  The  members  of 
CEDE  also  recognize  that  they  have  a  responsibility  to 
include  die  wide  range  of  schools,  as  measured  by 
achievement  standards  from  high  to  low  performance 
levels,  within  the  newly  stractured  educational  programs 
it  will  develop. 

Individual  schools  wiUiin  die  Center  will  focus  on 
approaches — including  technology— diat  more  effectively 
involve  students  from  all  area  cultures,  abilities,  and 
backgrounds  in  effective  learning  communities.  Specific 
efforts  will  be  directed  towards  the  recruitment  of 
minority  teaches  to  adequately  represent  die  diversity  of 
the  area.  CEDE  will  facilitate  and  encourage  dissemina- 
tion of  effective  and  innovative  pedagogical  approaches, 
both  widiin  die  CEDE  network  and  to  die  broader 
educational  conununity. 

Widiin  the  greater  San  Antonio  area  there  is  a  strong 
commitment  to  educational  refonn,  restructuring,  and 
improvement.  Chosen  as  one  of  the  first  America  2000 
cities  by  U.S.  Secretary  of  Education  Lamar  Alexander, 
the  San  Antonio  educational  community  is  committed  to 
achieving  tiie  six  national  goals  outlined  in  America  2000. 
The  establishment  of  CEDE  is  a  natural  progression  of  a 
community-wide  cwimutment  in  bringing  the  best 
educational  opportunities  to  all  die  citizenry  of  San 
Antonio  and  South  Texas. 

CEDE,  dius,  will  build  on  long-standing  traditions  in 


San  Antonio,  while  at  die  same  time  take  advantage  of  its 
unique  oK)ortunity  to  accomplish  important  educational 
goals  for  die  students  and  teachers  of  San  Antonio  and 
Texas.  Specifically,  die  objectives  of  CEDE  are  to: 

1 .  Create  a  variety  of  Professional  Development  Schools 
(PDS)  diat  are  exemplary  environments  for  educating 
the  students  and  teachers  of  San  Antonio  and  South 
Central  Texas. 

2.  Create  teacher  education  experiences  in  FDSs  in 
which  preservice  teachers  Lave  a  chance  to  work 
closely  and  over  an  extended  period  of  time,  on  site, 
widi  PDS  coordinators,  mentor  teachers,  and  faculty 
from  participating  institutions  of  higher  education 
(IHE). 

3.  Allow,  for  die  first  time,  die  movement  of  preservice 
student  teachers  from  one  PDS  site  to  another  for 
clinical  and  content  experiences,  regardless  of  dieir 
IHE  registration. 

4.  Develop  die  technical  competence  (knowledge  and 
skill)  of  members  of  die  collaborative  and  teach^ 
education  students  in  CEDE  programs. 

5.  Increase  the  access  to  cutting  edge  instructional 
technology  for  members  of  die  collaborative  and 
teachCT  education  students  in  CEDE  programs. 

6.  Increase  the  degree  to  which  technology  is  an  integral 
part  of  instruction  in  teacher  education  programs  and 
the  school  classrooms  of  San  Antonio  and  Soudi 
Central  Texas. 

7.  Increase  substantially  die  number  of  teachers  who 
effectively  teach  culturally  diverse  students,  especially 
Mexican  American  Students, 

8.  Recruit  and  increase  substantially  die  number  of  edinic 
"minority"  teachers  in  San  Antonio  area  schools. 

9.  By  September,  1993,  die  coUaborative  will  develop  a 
plan  and  identify  sources  of  funding  for  ensuring 
continuation  of  CEDE. 

10.  By  September,  1994,  CEDE  IHEs  will  subnut  revised 
teacher  education  programs  to  die  appr(q)riate  state 
agencies. 

New  Directions  for  CEDE:  Building-On  and 
Beginning  Activities 

The  results  of  die  needs  assessment  shaped  die 
content,  evaluation,  and  dissemination  philosophies  of  die 
CEDE  collaborative  and  helped  focus  on  die  types  of 
activities  each  IHE  would  bring  and  add  to  each  CEDE 
PDS.  CEDE  partners  bring  to  die  collaborative  continuing 
and  newly  formed  professional  development  activities 
between  the  IHEs,  die  schools  and  school  districts,  die 
Regional  Service  Center,  and  die  odier  community-based 
entities  diat  are  charter  members  of  CEDE.  Each  institu- 
tion within  the  coUaborative  has  had  strong  field-based 
compcments  in  its  preservice  teacher  education  programs. 
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as  well  as  ongoing  involvement  with  continuing  profes- 
sional development  action  plans.  This  involvment  will 
initially  allow  each  university  to  build  upon  current 
efforts  and  c^er  students  expanded  intellectual  of^xxtuni- 
ties  through  joint  educative  processes.  As  CEDE  pro- 
grams unfold,  new  types  of  certification  designs  will 
emerge  (by  Fall,  1994)  that  take  advantage  of  expanded, 
joindy  shared,  responsibility  for  professional  and  technol- 
ogy-related training  through  a  collaborative  model 
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There  is  increasing  pressure  to  integrate  coverage  of 
many  aspects  of  information  technology  into  all 
areas  of  the  K-12  curriculum.  However,  at  many 
institutions,  the  focal  point  of  information  technology  (IT) 
coverage  remains  the  stand-alone  "educational  comput- 
ing*' course.  In  the  early  eighties  that  course  was  often 
used  to  teach  preservice  teachers  to  program  in  languages 
such  as  BASIC  or  Logo.  Later  in  the  eighties  the  course 
generally  required  students  to  learn  operating  system 
coDMnands  and  other  "computer  literacy"  topics  such  as 
word  processing. 

Today  many  of  the  stand-alone  courses  attempt  to 
cover  many  topics  including  basic  computer  literacy, 
curricular  integration  of  IT,  and  the  use  of  emerging 
educational  technologies  such  as  CD-ROM  and  computer- 
controlled  laserdisc  players.  The  ovaall  goal  of  these 
courses  is  to  empower  pre-service  teachers  and  encourage 
them  to  plan  for  the  integration  of  technology  into  the 
routine  of  their  classes  when  they  graduate. 

Educational  computing,  as  a  new  kid  on  the  academic 
block,  comes  to  teacher  education  at  a  difficult  time, 
econwnically,  for  higher  education.  Educational  COTiput- 
ing  courses  are  being  added  to  the  teacher  education 
curriculum,  becoming  required  instead  of  optional,  and 
expanded  on  many  campuses  at  the  same  time  many 
institutions  are  dealing  with  serious  budget  shortfalls  that 
call  for  retrenchment  rather  than  expansion.  Like  many 
universities,  the  University  of  Houston  (IJU)  is  dealing 
with  difficult  and  unstable  economic  times,  but  it  requires 
approximately  250  undergraduate  teacher  education 
students  a  semester  to  complete  the  required  educational 
computing  course.  That  number  may,  in  fact,  increase  as 
the  staff  who  evaluate  transfer  courses  learn  that  courses 
previously  accepted  in  lieu  of  the  educational  computing 
course  (such  as  a  COBOL  course  taken  in  1968  and  a 
WordPerfect  course  taken  at  a  community  college  in 
1987)  are  not  acceptable  substitutes. 

If  the  UH  College  of  Education  staffed  the  required 
educational  computing  course  at  the  same  level  as  typical 
lecture/discussion  courses  (e.g.,  20-40  students  in  each 
section)  the  course  would  require  the  full  time  attention  of 
at  least  four  faculty  every  semester.  UH,  like  many 
universities,  has  a  small  IT  faculty.  Only  two  full-time 
faculty  are  assigned  to  the  program  and  they  must  teach 
all  the  graduate  courses  as  well  as  supervise  or  teach  the 
undergraduate  educational  computing  course.  The 
problem  of  high  demand  and  low  taffing  is  a  common 
one  for  this  course  which  is  relatively  new  and  has 
become  a  required  course  during  a  period  of  retrenchment 
in  higher  education.  Troutman  and  White  (1991),  for 
example,  developed  an  EC  course  under  just  such 
circumstances  at  the  University  of  South  Florida.  Their 
course  uses  a  differentiated-staffmg  model  that  involves 
staff  with  different  types  and  levels  of  expertise  in 
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different  aspects  of  the  course.  The  course  also  uses 
traditional  and  computer-controlled  multimedia  to  deliver 
some  of  the  instruction,  and  several  rooms  were  renovated 
to  serve  different  needs.  A  course  with  similar  objectives 
was  developed  at  Texas  Tech  University  (Frisbie,  Harless, 
and  Brunson,  1991).  This  course  divided  the  content  to  be 
taught  into  a  series  of  modules  students  could  complete  at 
their  own  pace.  The  Texas  Tech  course  is  a  precursor  to 
the  one  we  will  describe  in  this  paper.  Both  are  based 
loosely  on  the  PSI  model. 

An  Overview  of  r?1 

F.  S.  Keller's  Personalized  System  of  Instruction  (PSI) 
was  introduced  ahnost  25  years  ago.  Keller,  a  close 
associate  of  B.  F.  Skinner,  developed  PSI  while  working 
at  a  new  university  in  Brasilia,  Brasil.  He  described  his 
method  in  an  article  titled  Good-Bye  Teacher  (Keller, 
1968).  Although  this  unfortunate  choice  of  title  suggests  it 
is  an  effort  to  eliminate  the  need  for  a  teacher,  our  own 
experience  as  well  as  that  of  others  indicates  the  insuiictor 
plays  a  crucial  role  in  the  success  of  a  PSI  course. 

PSI  is  a  student-centered,  self-paced  approach  to 
teaching  and  learning  that  requires  instruction  to  be 
packaged  in  modules.  This  instructional  technique  is  in 
shaq>  contrast  to  the  predominant  mode  of  instruction 
since  the  emergence  of  the  modem  university:  the  lecture. 

What  Is  PSI7 

Keller  used  behavioral  learning  theories,  specifically 
applied  behavior  analysis,  as  the  basis  of  his  Personalized 
System  of  Instruction.  The  behavior  analysis  roots  of  PSI 
are  evident  in  its  adherence  to  two  important  aspects  of 
teaching  -  a  clear  description  of  what  is  to  be  learned 
(terminal  behavior)  and  effective  management  of  rewards 
for  study  (positive  reinforcement). 

Basically,  constructing  a  PSI  learning  system  is  quite 
elementary.  The  course  objectives  are  identified,  and  the 
content  of  the  course  is  broken  into  distinct  modules  that 
are  more  easily  studied  by  the  students.  Within  each 
module,  the  objectives  and  procedural  instructions  are 
clearly  written.  The  modules  as  well  as  study  or  course 
guides  are  then  printed  and  made  available  to  the  students. 
In  a  pure  PSI  system  students  can  choose  any  of  the 
modules  to  study  in  any  order,  but  a  certain  quantity  of 
modules  must  be  completed  to  achieve  a  particular  fmal 
grade.  Within  these  guidelines,  however,  fme  tuning  the 
procedures  until  they  work  for  specific  instructional 
requirements  is  necessary. 

All  PSI  instructional  systems  share  a  set  of  features 
that  are  characteristic  of  the  technique.  The  basic  features 
of  the  instructional  technique  include  detailed  instruc- 
tional objectives,  frequent  tests  or  evaluations,  proctors 
who  help  students  work  through  the  modules,  an  empha- 
sis on  subject-mattei  mastery  of  each  subject  attempted. 


and  student-determined  progress  (Ryan,  1974).  The 
following  discussion  describes  these  features  in  detail. 

Detailed  instructional  objectives 

In  the  initial  course  outline,  the  students  must  be  told 
clearly  what  they  will  learn,  why  they  will  learn  it,  and 
precisely  what  progress  is  to  be  measured  during  the 
semester  and  how.  In  addition,  the  learning  objective  of 
each  module  (unit)  must  be  clearly  stated  at  the  beginning 
of  the  individual  module's  instruction  booklet. 

Frequent  tests 

Frequent  testing  is  a  major  component  of  the  PSI 
system  for  several  reasons.  The  primary  reason  for 
frequent  testing  is  the  commonly-held  perception  that 
students  tend  to  cram  before  a  test,  a  perception  that  is 
supported  by  research  (MacWhinney,  Bostow,  Laws, 
Blumenfeld  and  Hopkins,  1971).  By  manipulating 
examination  frequency,  MacWhinney  and  his  colleagues 
were  able  to  increase  or  decrease  the  rate  of  effective 
student  study  behaviors.  A  second  reason  for  frequent 
testing  is  the  emphasis  in  applied  behavior  analysis  on 
regular  and  precise  observation  of  behavior  as  a  means  of 
assessing  progress.  In  a  PSI  system  the  instructors  keep 
track  of  the  progress  each  student  is  making,  and  become 
aware  of  problems  with  modules,  through  the  frequent 
tests. 

Student  proctors 

Student  proctors,  sometimes  called  teaching  assistants, 
tutors,  or  course  assistants,  proctors  manage  the  course. 
The  proctors  administer  tests,  grade  examinations, 
interface  with  students,  and  maintain  records  of  the 
grades.  Liberal  use  of  student  proctors  may  be  the  most 
radical  characteristic  of  the  PSI  system.  However,  during 
this  budget-conscious  era  in  American  higher  educational 
institutions,  using  graduate  and  undergraduate  suidents  to 
assist  in  the  PSI  course  is  the  most  practical  way  to 
achieve  the  goal  of  educating  the  large  number  of  suidents 
and  ensure  that  individual  attention  is  provided  i{x  each 
student. 

Subject  matter  mastery 

Mastery  of  a  module  (unit)  is  measured  by  either  a  test 
or  completion  of  a  project.  Tests  have  to  be  passed  at 
"mastery  level"  which  is  generally  80%  or  better  if  the 
test  is  multiple  choice.  A  limited  number  of  retakes  are 
allowed,  using  alternative  forms  of  the  examination,  and 
there  is  no  penalty  for  failure  on  early  attempts  at  the 
examination.  The  proctor  is  usually  responsible  for 
judging  the  quality  of  completed  student  projects. 

Student  determined  progress 

In  a  pure  PSI  course  the  student  determines  the  pace 
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of  work.  The  student  may  wish  to  work  rapidly  through 
the  assignments  and  finish  the  course  early  or  may  work 
around  other  obligations.  The  student  only  has  to  consider 
the  deadlines  that  were  pre-determined  and  conmiunicated 
at  the  beginning  of  the  course. 

Advantages  and  Disadvantages  of  the  PSl 
System 

Smith  (1986)  reports  that  in  comparison  to  more 
traditional  lecture  and  Socradc  dialogue  teaching  meth- 
ods, PSI  is  viewed  more  positively  by  students  and  that 
the  students'  performance  outccxnes  are  higher.  In  a 
report  summarizing  the  results  of  subjective  student 
ratings,  PSI  scored  the  best  in  all  of  the  following  five 
areas:  1)  Positive  course-as-a  whole  rating;  2)  Would 
recommend  course  to  my  friend;  3)  Course  rated  as 
informative;  4)  Course  rated  as  enjoyable;  and  5)  Rated 
better  than  lecture  system.  Similar  results  were  described 
by  Freeman  (1984)  whose  experiments  focused  on  the 
long-term  benefits  of  PSI  versus  traditional  modes  of 
instruction.  He  concluded  that  PSI  students  performed 
significantly  better  and  also  performed  better  in  three 
subsequent  courses  in  chemistry.  However,  PSI  students 
had  a  higher  tendency  to  drop  out  of  the  class.  Kulik,  et 
al.,  (1974)  also  concluded  that,  while  the  Keller  Plan  was 
favored  over  the  lecture  technique  by  students,  controls 
for  procrastination  and  higher-than-normal  withdrawal 
rates  were  necessary.  Smith  (1986)  recommends  provid- 
ing a  schedule  of  dates  by  which  certain  modules  must  be 
completed,  offering  early  course  completion  for  passing 
units  early,  and  requiring  students  to  take  the  first  unit  test 
during  the  first  two  weeks  of  the  course. 

Procrastination  is  one  of  the  most  serious  drawbacks 
of  self-paced  learning.  Powers  and  Edwards  (1974),  cited 
in  Lamwers  (1989),  found  that  students  who  started  early 
also  finished  early.  Lloyd  was  quoted,  in  the  same  article, 
as  indicating  that  students  who  procrastinate  also  tend  to 
withdraw  from  the  class.  Early  identification  and  inter- 
vention may  help  reduce  procrastination  (Lamwers,  1989) 
and  reduce  the  withdrawal  and  failure  rate.  For  example, 
Ruthven  (1984)  compared  three  types  of  course  structure. 
A  self-paced  group  was  required  to  complete  the  work  by 
the  end  of  the  school  term  with  no  intermediate  deadlines; 
the  long  contract  group  was  required  to  complete  a 
percentage  of  the  work  by  a  date  late  in  the  school  term; 
the  short  contingency  contract  group  was  required  to 
complete  units  of  work  at  regular,  early  deadlines. 
Ruthven  found  that  short  contingency  contracting  and 
complete  self-pacing  (non-contractual)  groups  performed 
better  than  subjects  in  the  long  contract  group. 

Considerable  effort  has  been  invested  in  assessing 
variations  on  the  basic  PSI  components.  Some  authors, 
however,  have  raised  more  serious  questions  about  the 
quality  of  instruction,  and  learning,  in  PSI  courses. 


Caldwell  (1985)  questioned  the  effectiveness  of  some 
aspects  of  PSI.  He  felt  the  combination  of  using  predomi- 
nately multiple  choice  questions  to  test  masteiy  (a 
common  procedure  in  PSI  courses)  and  student  proctors 
might  be  "dangerous"  and  could  lead  to  simplistic,  low- 
level  learning  as  well  as  considerable  cheating.  Hobbs 
(1987)  added  that  the  module  in  a  PSI  course  becomes  the 
final  authority  and  that  the  process  of  studying  the  module 
in  order  to  answer  multiple-choice  questions  will  encour- 
age memorization  over  critical  thinking.  Furthermore, 
Hobbs  feared  that  PSI  professors  will  use  the  proctors  to 
minimize  contact  with  students  and  reduce  the  amount  of 
lecturing  time.  (It  is  not  clear,  however,  whether  fewer 
lectures  is  more  strongly  desired  by  the  professors  or  the 
students.) 

Questions  'that  focus  on  the  qualitative  aspects  of 
learning  in  PSI  courses  have  been  debated  frequently  in 
the  literature  (Caldwell,  1985;  Semb  and  Spencer,  1976, 
Reboy  and  Semb,  1991).  In  their  article  in  Teaching  of 
Psychology,  Reboy  &  Semb  argue  that  the  responsibility 
for  course  content  lies  with  the  professor  in  charge,  who 
must  decide  the  goals  and  objectives  of  a  course.  If  the 
instructor  integrates  a  critical  thinking  skills  component 
into  the  content  and  then  adequately  assesses  the  skills 
demonstrated  by  the  student,  higher  order  cognitive  skills 
are  develqped.  Reboy  (1987)  cites  evidence  indicating 
that  PSI  has  successfully  been  used  to  teach  complex 
subject  matter  at  levels  of  achievement  exceeding 
achievement  levels  attained  in  a  lecture-discussion 
format  While  that  argument  is  an  effort  to  deflect 
criticism  of  the  PSI  approach  our  own  experience  sug- 
gests the  criticisms  are,  to  some  extent,  valid. 

Tests  are  a  critical  component  in  a  PSI  course  and  the 
easiest  type  of  test  to  develop  and  grade  is  multiple 
choice.  And  when  creating  multiple  choice  items  it  is 
much  easier  to  create  items  that  ask  clearcut,  factual 
questions.  Questions  tliat  assess  higher  order  thinking 
skills  are  much  more  difficult  to  write.  In  addition, 
objective  tests  are  much  better  at  assessing  declarative 
knowledge,  but  teaching  is  a  profession  in  which  j)roce- 
dural  and  conditional  knowledge  as  well  as  problem 
solving  and  metacognitive  skills  are  critical  to  successful 
practice.  There  is  the  danger  that  a  pure  PSI  course  on 
educational  computing  may  test  students  with  questions 
that  ask  about  the  command  for  formatting  a  720K  disk  in 
MS-DOS  6.2  instead  of  questions  that  assess  the  student's 
ability  to  integrate  simulations  into  a  lesson  on  the  Irish 
inunigration  to  the  New  World.  In  creating  the  PSI 
educational  computing  course  at  UH  we  have  tried  to  take 
advantage  of  the  economies  of  PSI  while  avoiding  some 
of  the  pitfalls  and  disadvantages. 

The  Course  Rotionole 

The  required  3  semester  hour  UH  educational 
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computing  course  has  several  major  objectives.  Through 
reading  assignments,  hands-on  activities,  discussions,  and 
projects  the  students  are  able  to: 

(1)  develop  an  understanding  of  the  role  of  the  technology 
in  our  information  intensive  society; 

(2)  master  the  basics  of  operating  a  personal  computer, 

(3)  develop  an  awareness  of  the  diverse  roles  information 
technology  plays  in  education;  and 

(4)  leam  how  to  integrate  computer  technology  into  the 
curriculum  at  the  level  and  in  the  subject  area  they 
plan  to  teach. 

This  course,  which  has  been  operating  for  two  years, 
replaced  a  computer  literacy  course  that  dealt  primarily 
with  computer  literacy  topics  (operating  systems,  Mi- 
crosoft Works,  progranmiing  in  BASIC  and  Logo).  The 
course  that  was  replaced  required  students  to  meet  a  two 
hour  mass  lecture  each  week  (for  about  190  students)  and 
attend  a  2-hour  small  group  session  in  the  computer  lab 
where  a  graduate  student  helped  students  leam  to  use  the 
Macintosh  computer.  Students  disliked  the  large  group 
lectures  but  liked  the  small  group  sessions,  in  part  because 
requirements  were  relatively  low  and  most  students 
earned  an  A  without  a  great  deal  of  effort. 

In  revising  the  course  our  main  focus  was  to  develop  a 
flexible  curriculum  to  guide  future  teachers  into  exploring 
specific  aspects  of  teaching  with  the  assistance  of  infor- 
mation technology.  Different  learners  require  different 
teaching  envirorments  and  strategies.  In  the  same 
manner,  diverse  objectives  call  for  diverse  approaches  to 
meet  them.  The  result  of  our  redesign  efforts  is  a  course 
that  incorporates  a  number  of  PSI  characteristics  as  well 
as  many  non-PSI  features. 

The  Course  Format 

The  required,  large-group  lecture  has  been  eliminated 
entirely.  During  the  semester  students  can,  if  they  wish, 
attend  some  presentations  made  by  experts  in  various 
areas  of  educational  computing  and  they  receive  credit  for 
attending.  Houston  has  many  innovative  educational 
ccnnputing  projects  and  invited  speakers  who  are  working 
on  specific  projects  involving  technology  are  an  important 
aspect  of  the  course.  These  professionals  share  with  the 
students  a  pool  of  teaching  strategies,  professional 
experiences,  and  personal  views  on  how  to  integrate  the 
changing  technologies  into,  across,  and  throughout  the 
curriculum. 

The  rest  of  the  scheduled  times  for  the  large-group 
lecture  are  set  aside  for  troubleshooting.  One  of  the 
proctors  or  the  instructor  of  record  is  available  during  that 
time  to  help  students  with  problems  and  answer  questions. 

Weekly  Small  Group  Meetings.  Most  of  the  "action" 
in  the  course  takes  place  in  weekly  two-hour  small  group 
sessions  taught  by  graduate  teaching  assistants  and  held  in 


the  Center  for  Information  Technology  in  Education 
(CITE).  The  Center  has  two  IBM  labs,  a  Macintosh  lab, 
and  a  Classroom  of  the  Future  that  is  equipped  with  a 
range  of  information  technology  resources. 

Each  small  group  has  about  twenty-two  students  and  a 
group  leader  or  instructor  who  is  a  graduate  student  in  the 
IT  program  at  UH.  During  the  small  group  session  the 
instructors  introduce  selected  topics  and  provide  guid- 
ance. They  act  as  facilitators  arul  coaches  by  encouraging 
students  and  providing  support.  Tht  students  are  also 
encouraged  to  work  in  small  groups  aiKl  to  share  knowl- 
edge whenever  possible.  Additional  technical  support  is 
available  during  open  lab  periods  as  Center  staff  are 
familiar  with  the  course  and  its  requirements.  Under- 
graduate students  in  this  course  are  often  anxious  about 
both  the  content  and  their  ability  to  master  it,  but  we  have 
developed  a  strong  network  of  support  that  supports  them 
both  technically  and  psychologically. 

PSI  in  its  pure  form  may  not  take  into  adequate 
consideration  the  personal  sui^rt  needs  of  students  who 
have  limited  computer  backgrounds.  In  our  course,  many 
of  the  undergraduate  students  did  not  feel  at  ease  with  the 
self-study  component.  Left  completely  on  their  own  to 
schedule  work  on  the  modules  many  will  put  off  work 
until  there  is  not  enough  time  left  in  the  semester  to 
complete  enough  modules  to  pass  with  a  C.  The  group 
leaders  in  this  course  serve  as  cheer  leaders,  supporters, 
coaches,  counselors  and  guides  to  a  much  greater  extent 
than  might  he  expected  in  a  traditional  PSI  course.  They 
are  also,  of  course,  technical  consultants  and  trouble- 
shooters,  but  those  responsibilities  can  also  be  covered  by 
Center  staff  who  are  available  many  hours  a  week  during 
open  access  periods.  The  other,  less  tangible  roles  the 
group  leaders  play  are  probably  the  most  important  in 
helping  students  select  and  complete  assignments. 

Very  early  in  the  semester,  the  students  are  made 
aware  of  the  requirements  and  demands  of  this  self -paced 
course.  They  know  what  is  expected  of  them:  conunit- 
ment,  hard  woik,  and  attainable  goals.  The  pattern  of 
student  success  has  changed  over  the  last  three  semesters 
that  the  new  program  has  been  in  place*  The  rate  of 
success  in  completing  the  course  has  steadily  increased 
and  is  now  setting  new  records. 

Modules 

When  students  meet  the  class  for  the  Hrst  time,  they 
have  purchased  a  packet  that  describes  the  course  and  lists 
the  modules  available  for  them  to  study.  A  few  modules 
(12)  are  required,  but  most  of  them  are  optional.  Students 
who  already  use  a  word  processor,  for  example,  are  not 
required  to  leam  the  one  used  in  this  course.  Some  of  the 
modules  are  actually  chapter  assignments  from  the 
educational  textbook  used  in  the  course  (Educational 
Computing:  Learning  with  Tomorrow*s  Techtiologies  by 
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Maddux,  Johnson,  and  Willis,  1992).  Students  study  a  set 
of  chapters  and  then  take  a  multiple-choice  test  over  the 
material.  Students  can  also  select  chapters  from  the  series 
of  topic  and  level  specific  educational  computing  texts 
published  by  Mitchell  Publishing  Company.  Books  on 
using  computers  in  English,  foreign  language,  mathemat- 
ics, reading,  language  arts,  and  social  science  are  avail- 
able as  well  as  a  text  on  teaching  higher  order  thinking 
skills. 

Other  modules  require  students  to  demonstrate 
mastery  of  different  components  of  the  Microsoft  Works 
program  on  either  the  Macintosh  or  IBM  computer. 
Students  may  purchase  a  textbook  on  Works  {Microsoft 
Works:  Tutorial  and  Applications  by  Willis,  Pasewark, 
and  Pasewark,  1991).  Originally  the  students  were  tested 
for  mastery  of  topics  covered  in  this  text  by  tests  taken 
from  the  teacher's  guide  for  this  book.  The  tests  were 
quick  and  easy  to  grade,  but  they  were  totally  unsuited  for 
the  task.  CurrenUy  smdents  complete  and  hand  in  one  or 
more  applications  assignment  at  the  end  of  a  chapter  to 
demonstrate  mastery  of  the  content  of  that  chapter. 

Other  modules  are  hands-on  activities  with  10  to  25 
page  guides  developed  at  UH  or  other  universities.  Many 
of  these  modules  can  be  completed  in  teams  of  two  to 
four,  but  some  require  students  to  work  individually. 
Quite  a  few  modules  are  traditional  i^int  instructional 
materials,  but  several  use  tutorial  software,  multimedia, 
hypermedia,  or  simulations  to  deliver  instruction.  In 
addition,  we  have  cTcated  several  modules  that  require 
students  to  use  a  technology-supported  instructional 
'  package  for  teacher  education.  Instead  of  simply  reading 
about  laserdisc-based  simulations,  for  example,  students 
can  use  one  of  the  simulation/tutorials  on  classroom 
management  or  questioning  techniques  developed  at  tiie 
University  of  Alberta.  They  Uius  learn  important  profes- 
sional content  while  tiiey  experience  an  important 
technology-supported  instructional  strategy.  A  sample  of 
module  topics  includes: 

•  MSDOS  basics  -  (a  shareware  tutorial  program  called 
TutorDOS) 

•  Macintosh  Tour  -  (Apple-supplied  tour) 

•  Macintosh  Operating  System  Basics 

•  Using  Videodiscs  in  die  Classroom  (a  videodisc-based 
instructional  package) 

•  CD-ROM  applications 

•  Selecting  and  Evaluating  Educational  Software 

•  Using  the  ERIC  CD-ROM  to  Locate  Relevant  Litera- 
ture 

•  Creating  Classroom  Presentation  Materials  with 
HyperCard 

•  Locating  and  Evaluating  Technology-supported 
Lesson  Plans 


Assessment 

During  our  first  semester  we  kept  the  once  a  week 
large  group  lecture.  The  instructor  answered  general 
questions  from  tht  students  in  the  audience,  inuoduced 
new  topics,  made  reading  assignments,  and  provided 
general  guidelines  for  the  course.  Tests  over  required 
assignments  were  also  conducted  during  the  large  group 
meeting.  However,  the  large  group  meeting  was  not  very 
effective  and  testing  was  difficult  to  conduct.  Students 
who  had  never  used  computers  before  were  very  anxious. 
They  needed  constant  assurance  and  support  in  order  to 
succeed.  The  large  group  lecture  was  not  an  adequate 
environment  for  reassurance.  Student-teacher  interaction 
was  limited  and  impersonal. 

Currentiy  students  complete  tests  during  die  small 
group  sessions  each  week.  The  Center  staff  and  the  group 
leader  supervise  Uiis  activity  and  while  many  of  the  tests 
are  still  in  a  n.^iitiple-choice  format,  we  are  trying  to  shift 
more  and  more  to  assessments  that  involve  completing 
projects,  demc«istrating  competencies,  and  finishing 
hands-on  assignments.  Developing  tiiese  types  of  assess- 
ment strategies,  and  finding  die  time  to  meaningfully 
evaluate  diem,  is  difficult  and  we  have  not  progressed  as 
quickly  as  we  had  hoped.  In  addition,  students  can  choose 
from  over  120  different  modules  but  tiiey  must  pass  37  for 
an  A,  That  provides  students  witii  considerable  flexibility 
in  content  and  emphasis,  but  it  puts  an  additional  burden 
on  die  course  staff  because  tiiey  must  be  ready  to  assess 
every  module  diat  is  available  to  students. 

Scheduling 

Scheduling,  technical  support,  and  resource  mainte- 
nance have  been  die  most  delicate  elements  of  our 
program.  Computer  labs  in  die  Center  are  open  for  at  least 
part  of  die  day  six  days  a  week  and  initially  die  needs  of 
almost  two  hundred  eager  students  who  need  c(xitinuous 
suppcMt  generated  some  conflicts  between  students  and 
Center  staff  as  well  as  between  Center  staff  and  course 
instructors.  Part  of  the  problem  was  a  management 
phOosophy  in  die  Center  diat  did  not  understand  die  roles 
of  a  ccMnputer  center  in  a  college  of  education  (as  opposed 
to  a  business  school  or  a  computer  science  department). 
The  problem  was  also  exacerbated  by  the  fact  that 
originally  the  Center  staff  came  primarily  from  odier 
departments  on  campus  such  as  engineering  and  computer 
science  instead  of  education.  Widi  die  arrival  of  a  new 
Director  for  die  Center  and  die  replacement  of  die 
center's  manager  widi  someone  who  was  more  service 
oriented  conflicts  have  been  reduced  considerably. 
Graduate  students  in  education,  widi  preference  given  to 
IT  students,  now  staff  die  Center  and  teach  die  courses. 
Students  who  need  help  can  get  it  from  dieir  group  leader 
during  the  2-hour  small  group  meeting  each  week  or 
during  any  of  die  open  lab  times  from  Center  staff. 
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Resources 

Before  the  change  in  directors  and  managers  at  the 
Center  the  students  completing  the  course  were  limited  to 
using  one  networked  lab  of  IBM  computers  using  Novell 
and  IBM's  Classroom  LAN  System  (ICLAS).  During  the 
first  semester  of  implementation,  only  one  ICLAS  (IBM 
Classroom  LAN  System)was  accessible  for  that  class.  A 
netwoiked  Macintosh  lab  was  available  only  occasionally 
and  the  use  of  another  PC  lab  very  restricted.  The  limited 
number  of  stations  available  resulted  in  a  large  number  of 
students  working  at  home,  at  work,  or  at  other  facilities. 
Because  the  demands  of  the  course  had  increased  signifi- 
cantly it  also  meant  many  students  who  could  only  work 
in  the  Center's  Jabs  found  it  difficult  to  complete  their 
work  because  they  could  not  get  enough  time  on  the 
ccxnputers.  Today,  with  additional  resources  added  to  the 
Center  and  a  revised  plan  for  use,  students  have  access  to 
two  MS-DOS  networked  labs,  one  netwoiked  Macintosh 
lab,  and  a  Classroom  of  the  Future.  The  Qassroom  of  the 
Future  has  several  powerful  Macintosh  and  IBM  cwnput- 
ers  with  CD-ROM  drives  and  videodisc  players.  The 
room  also  has  a  hand-held  scanner,  sound  synthesizer, 
sound  digitizer,  color  projection  panel,  large  S-video 
monitor,  VCR,  and  one  telecommunication  station. 

Discussion 

As  we  have  worked  to  develop  an  effective  course  that 
meets  the  needs  of  ahnost  200  students  a  semester  with 
very  limited  personnel  resources,  we  have  come  to  realize 
that  success  in  such  a  project  depends  a  great  deal  on 
leadership  and  cooperation.  In  this  case  leadership 
cooperation  from  the  Center's  director  and  manager  was 
crucial.  Just  as  important  was  a  commitment  from  the 
group  leaders  and  instructor  of  record  (a  senior  graduate 
student  with  experience  teaching  the  course  and  an  ability 
work  effectively  with  groups).  In  addition,  strong  techni- 
cal support  from  the  manager  of  the  Center  as  well  as 
quick  responsiveness  when  problems  with  networks, 
printers,  and  the  like  makes  the  difference  between  a 
disaster  and  a  difficult  but  "passable"  course. 

Although  there  are  many  important  components  to  this 
course  we  think  the  most  important  is  the  small  group 
leader.  At  UH  a  group  of  dynamic  teacher  assistants  act  as 
liaison  between  each  student  and  the  curriculum.  They  are 
facilitators  who  provide  the  students  with  appropriate 
guidance  and  support.  They  guide  the  students  individu- 
ally to  plan  suategies  for  completion  of  the  modules. 
During  short  presentations,  the  instructors  motivate  the 
students,  present  background  information,  introduce  new 
topics,  and  demonstrate  skills.  The  small  group  instruc- 
tors' dedication  and  commitment  are  our  program's  best 
assets.  This  perspective  is  also  supported  by  Martinez  & 
Martinez  (1988)  who  suggested  that  in  their  experiment 
"excellent"  teachers  do  make  a  positive  difference  in  PSI 


student  achievement.  The  qualitative  and  cognitive 
aspects  of  our  implementation  of  PSI  seem  to  be  much 
more  important  than  the  quantitative,  behavioral  aspects. 
As  one  of  the  graduate  students  who  has  worked  in  this 
program  for  several  semesters  put  it,  "One  of  the  secret 
ingredients  of  our  success  with  this  PSI  course  is  the 
out  anding  quality  of  the  instructors,  not  a  "doomsday 
with  token"  nor  "contract"  mentioned  in  the  PSI  research. 
The  driving  force  is  really  the  relationship  between  the 
instructors  (TAs)  and  their  students.  The  instructors  are 
passionate  about  their  duties.  We  view  ourselves  as 
bridges  between  the  course  and  the  students,  ambassadors 
for  computer  technology,  and  psychologists  for  weary 
students.  We  often  will  hang  around  the  computer  labs 
during  our  own  time  just  to  help;  when  the  students  are 
bombarded  with  work,  the  extra  effort  from  the  instruc- 
tws  is  perceived  as  almost  *life  saving*.  One  of  the 
instructors  blows  congratulatory  kisses  and  hugs  her 
students  (most  of  them  are  female)  and  the  students  send 
her  flowers  and  work  very  hard  in  the  computer  labs.  The 
same  instructor  will  tell  the  students  exactly  how  the 
students  are  faring:  not  patronizing,  just  confuming  the 
truth.  Because  attendance  for  this  class  is  not  required,  we 
are  known  to  call  students  at  home  to  provide  extra  help 
and  push.  Almost  70%  of  the  students  have  clearly  stated 
in  their  siuvey  that  the  instructors  in  this  course  were 
particularly  professional,  helpful,  skillful,  and  caring." 

Another  aspect  of  the  course  that  differs  from  a  pure 
PSI  course  is  the  large  group  meetings.  Although  atten- 
dance is  not  required  guest  speakers  do  make  presenta- 
tions throughout  the  semester.  Lecture/demonstrations, 
despite  stxne  mixed  reviews,  remain  one  popular  strategy 
for  sharing  data  between  the  instructors  and  the  large 
group  of  students.  The  question  and  answer  period  that 
follows  the  speakers*  presentations  have  often  been  very 
interesting  and  useful. 

Plan  for  the  future 

At  the  present,  all  assessment  is  done  off-line. 
Students  keep  track  of  where  they  are  on  a  Progress  Chart 
supplied  in  their  packet  and  the  small  group  instructors 
keep  a  record  of  progress  as  well.  Many  of  the  tests  and 
assessments  could  be  computerized  so  that  students  could 
enter  the  Center,  show  their  ID,  and  then  complete  tests 
on-line.  Results  would  be  available  inunediately  and  the 
student  records  for  the  course  would  be  updated  automati- 
cally. Automating  testing  and  record  keeping  would  allow 
small  group  leaders  to  spend  more  time  helping  students. 

We  continue  to  work  on  new  modules  and  to  revise 
modules  already  in  use  as  student  feedback  helps  us 
pinpoint  problems  that  should  be  corrected.  We  are 
working  on  an  educational  telecommunications  module, 
for  example,  that  should  be  in  use  by  the  Fall  of  1994.  In 
addition,  we  are  working  with  .Jicr  teacher  educators  to 
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develop  and  distribute  instructional  modules  electroni- 
cally through  the  Society  for  Technology  and  Teacher 
Education's  Internet  server.  We  may  be  nearing  the 
saturation  point,  however,  for  students  in  this  course. 
Although  the  informal  reputation  of  the  course  before  it 
was  revised  was  "easy  A'*  the  PSI  course  was  recently 
rated  as  **Very  Hani'*  in  a  student  survey.  Each  semester 
at  least  some  students  conclude  early  in  the  semester  that 
they  cannot  possibly  complete  enough  assignments  to 
pass  the  course.  We  credit  our  small  group  instructors 
with  the  fact  that  the  great  majority  of  students  do  pass, 
and  there  is  not  the  high  percentage  of  drops  found  in 
many  pujfe  PSI  courses. 

Ihe  future  of  this  course,  in  terms  of  content,  is 
perhaps  a  continuation  of  the  trend  to  reduce  coverage  of 
basic  computer  literacy  skills  and  increase  coverage  of 
profession-specific  content  such  as  curricular  integration. 
In  addition,  we  are  still  concerned  with  the  common 
criticism  of  PSI  that  it  encourages  memorization  and 
discourages  higher  level  cognitive  processes.  We  think 
that  criticism  is  valid,  not  as  a  fundamental  or  theoretical 
matter  but  as  a  practical  matter.  It  is  sunply  much  easier, 
when  tune  is  short,  and  the  beginning  of  the  semester 
cannot  be  postponed,  to  create  and  use  tests  that  measure 
facts.  We  have  made  swne  progress  toward  evaluating 
procedural  and  conditional  knowledge  by  requiring 
students  to  demonstrate  mastery  by  completing  projects 
and  complex  assignments,  but  much  more  needs  to  be 
done.  For  example,  instead  of,  or  in  addition  to,  requiring 
students  to  write  an  evaluation  of  a  lesson  plan  in  the 
subject  area  they  plan  to  teach,  we  need  to  involve 
students  in  developing  and  microteaching  a  lesson  plan. 
Such  an  activity  gets  at  the  heart  of  the  profession  of 
teaching,  but  it  is  difficult  to  schedule  such  activities  for 
200  students.  That  task,  finding  efficient  but  effective 
instructional  experiences  that  help  students  develop  some 
of  the  professional  skills  they  need  in  the  classroom,  is 
one  of  the  directions  we  hope  to  take  in  future  versions  of 
this  course. 
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In  the  early  days  of  educational  computing,  the  focus  was 
on  the  machines  and  associated  software.  The  discussions 
often  centered  around  the  relative  merits  of  North  Star 
disk  drives  versus  Processor  Technology  drives,  the 
amount  of  educational  software  available  for  l^RS-SO 
Model  I  machines  versus  the  amount  available  for  the 
Commodore  PET.  Although  similar  discussions  still  occur 
around  the  technological  campflres  of  computer  using 
educators  there  have  been  some  dramatic  changes  in  the 
field  since  those  early  days.  Educational  computing,  and 
specialty  fields  like  technology  and  teacher  education,  are 
not  so  isolated  today.  Educational  computing  sprang  up 
like  a  weed  in  the  orderly  garden  of  education,  and  it  grew 
like  a  weed — quickly,  without  qiuch  cultivation,  and 
outside  the  ganlen's  long,  straight  rows. 

There  is  something  to  be  said  for  innovations  that 
grow  up  outside  the  mainstream  of  a  field.  The  lack  of 
well  worn  paths  and  tried  and  true  principles  sometimes 
leads  to  discoveries  that  benefit  us  all.  However,  as 
innovations  mature  they  often  profit  from  association  with 
and  integration  into  the  ongoing  scholarship  from  other 
fields.  The  papers  in  this  section  represent  some  of  the 
efforts  to  connect  our  field,  technology  and  teacher 
education,  with  other  fields  of  practice  and  scholarship. 

Some  of  the  papers  in  this  section  focus  on  specific 
issues  and  specific  topics  or  approaches.  The  paper  by  Al- 
Sharan,  for  example,  relates  ergonomics  to  the  design  of 
AV  and  educational  computing  spaces.  One  of  the  papers 
by  Cafolla  and  Kauffman  argues  that  Microsoft's  Visual 
BASIC  is  both  a  blast  from  the  past  and  a  look  into  the 
future  because  it  uses  familiar  commands  but  is  an  object 
oriented  programming  environment  that  facilitates  the 
creation  of  Windows  programs.  Another  paper,  by  Jerry 
Galloway,  presents  some  research  on  the  use  of  analogies 
in  instruction  about  educational  computing. 

Four  papers  focus  on  what  can  be  done  in  a  particular 
type  of  teacher  education  course  or  experience.  Merideth 
and  Lx)tfipour' s  paper  describes  a  way  to  support  teaching 
about  the  concept  attainment  model  in  a  methods  course 
using  a  HyperCard  stack.  Their  work  illustrates  one  of  the 
ways  technology  can  support  methods  courses.The  paper 
by  Talab,  Bogart,  and  Hawk,  describes  an  innovative 
approach  to  meeting  some  of  the  needs  of  both  local 
school  districts  and  teacher  education  students  at  a 
university.  Then  Connell  describes  his  work  in  a  graduate 
instructicHial  design  course  that  covers  cognitive  instruc- 
tional strategies.  Connell  shows  that  by  bringing  technol- 
ogy into  the  course,  in  this  case  Toolbook,  students 
developed  a  more  sophisticated  understanding  of  the 
strategies  covered. 

On  a  more  global  level  Norton  carefully  analyzes  the 
efforts  of  a  large  university's  college  of  education  to 
integrate  educational  computing  into  the  teacher  educa- 
tion program.  Norton's  thoughtful  analysis  creates  a 
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broader,  longer-term  view  of  the  process  of  integrating 
technology  into  colleges  of  education. 

The  final  papers  in  this  section  address  the  general 
implications  of  work  in  other  fields.  Schulz,  for  example, 
discusses  ways  to  sOapi  educational  software  uses  in  the 
classroom  to  students  with  different  leammg  styles.  Tellez 
relates  philosophical  and  research  design  issues  that 
sunound  the  qualitative/quantitative  dichotomy  to 
research  on  technology  and  teacher  education,  Two 
papers  relate  aspects  of  the  broader  fields  of  instructional 
technology  and  cognitive  science  to  woric  m  this  field. 
Persichitte  presents  an  overview  of  the  general  principles 
of  instructional  technology  and  tlie  Cafolla  and  Kauffman 
paper  proposes  cognitive  science  as  a  new  foundation  for 
teaching  and  teacher  education. 

All  the  papers  in  this  section  point  to  connections, 
directions,  and  perspectives  that  hnk  the  specialized  field 
of  technology  and  teacher  education  to  vfcxk  in  other 
disciplines  related  to  both  education  in  general  and 
teacher  education  in  particular. 
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and  Technology 


The  physical  environment  should  support,  enhance 
and  facilitate  the  implementation  of  a  variety  of 
methods  of  teaching  and  learning  using  audio- 
visual technology.  All  teachers  prefer  surroundings  that 
enable  them  to  get  services  v^ben  needed  with  a  minimum 
of  delay  and  an  environment  with  convenient  access  to 
teaching  and  learning  materials  including  AV  and 
computer  equipment. 

Desirable  teaching  and  learning  environments  are 
rarely  the  result  of  haphazard  design  and  planning. 
Teaching  and  learning  space  should  be  well  designed  and 
carefully  planned.  Much  of  the  input  for  the  planning 
process  should  come  from  the  people  who  use  and  work 
in  the  space:  teachers  and  pupils,  school  administrators, 
media  programme  director,  supervisor,  co-ordinator, 
media  specialist,  makers  and  producers  of  audio-visual 
material  and  equipment,  consulting  engineers,  and  skilled 
architects  (McVey,  1975,  p.59). 


The  Physicol  Environment 

The  physical  environment  should  support,  enhance 
and  facilitate  the  implementation  of  a  variety  of  methods 
of  teaching  and  learning  using  audio-visual  technology. 
Effective  application  of  new  teaching  and  learning 
methods  requires  many  types  of  inter-related  spaces. 
Gerlack  and  Ely  (1980)  have  identified  three  different 
spaces  as  follows: 

1.  Large  group  spaces. 

2.  Small  group  spaces. 

3.  Independent-study  spaces. 


With  regard  to  the  teaching  and  learning  spaces 
Cacilia  (1986)  suggests  more  spacious  rooms  with 
movable  furniture,  lighting  controls,  projection  saeens 
and  equipment  and  loudspeaker  equipment.  In  such  a 
space  there  would  be  no  fixed  chairs  or  dimensions. 
Instead,  the  room  size  would  be  determined  by  the  size  of 
the  group  and  the  type  of  instruction.  There  are  some 
guidelines  written  by  McVey  (1975)  as  follows: 


For  multimedia  lectures  hall  125  sq  ft/persons. 

For  conference  room  20  sq  ft/persons. 

For  flexible  classroom  25  sq  ft/persons. 

For  AV/TV  canel  18  sq  ft/persons. 

For  CAI  centers/labs  10  - 12  sq  ft/persons. 


The  establishment  of  audio- visual  classrooms  requires 
several  considerations  including  ventilation,  lighting  and 
the  installation  of  equipment.  Certainly,  this  suggests  that 
the  comprehensive  planning  and  designing  of  new  school 
building  must  actively  involve  the  audio-visual 
programme  director.  Chapman  (1985)  points  out  that  the 
grounds,  building  and  equipment  form  part  of  the  learning 
experience  and  the  total  school  environment  must  be  an 
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invitation  to  the  pupils: 

"to  test  and  develop  their  powers  to  explore  aiid 
discover,  to  construct,  and  to  express  themselves" 
(p.104). 

The  school  setUng  should  present  a  large,  appealing, 
varied  and  irresistible  learning  situation  "so  tliat  any  child 
would  want  to  go  to  school**  (Chapman,  1985).  Actually, 
the  physical  environment  of  audio-visual  technology 
should  be  planned  at  the  earliest  consideration. 

According  to  Cacilia  (1986)  in  designing  the  school's 
IMC  (or  audio-visual  aids  centre)  there  should  be  enough 
space  available  to: 
L  Store  media  equipment. 

2.  Store  media  materials. 

3.  Store  audio-visual  supplies, 

4.  Handle  the  flow  of  media  materials  and  equipment  in 
and  out  of  the  centre. 

5.  Inspect  and  clean  returned  materials  and  equipment. 

6.  Handle  and  process  pre-use  examinations  of  media 
materials  by  teacher. 

7.  Prepare  special  audio-visual  media  materials  for 
teaching  purposes,  i.e.,  a  workshop  for  production. 

8.  Adnunister  the  service  progranmie. 

9.  Provide  and  manage  the  use  of  fixed  technical 
installations  for  the  schools,  such  as  language  labora- 
tories and  TV  studies. 

10.  Produce  photographs. 

11.  Produce  graphic  art. 
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F)r  years,  those  of  us  using  IBM  PCs  (PC's)  and 
compatibles  looked  with  some  envy  at  our 
colleagues  using  Macintosh  computers.  While  we 
had  to  memorize  cryptic  commands  to  operate  our 
computers,  our  counterparts  were  pointing  their  mouses, 
selecting  items  from  pull  -down  menus,  and  pressing 
buttons.  If  tliat  weren^t  bad  enough,  Macintosh  users 
could  also  learn  new  programs  more  easily.  The  user 
interface  was  so  similar  from  application  to  application 
tiiat  the  learning  curve  was  dramatically  reduced  when 
learning  new  applications*  The  Macintosh  also  made  it 
easy  to  copy  and  paste  information  between  applications. 

Since  the  introduction  of  Windows  versions  3.0  and 
3.1,  PC  users  have  come  to  appreciate  the  advantages  of 
the  Macintosh  approach  to  using  a  computer.  Windows, 
like  the  Macintosh,  provides  users  with  what  is  generally 
referred  to  as  a  graphical  user  interface  (GUI  or  "gooey"). 
Because  of  Windows,  many  PC  users  now  come  to  expect 
point  and  click  mouse  operations,  standard  menus,  and  the 
other  features  of  this  interface. 

Until  recently,  a  major  problem  with  a  graphical  user 
interface  was  the  difficulty  of  writing  of  programs  using 
the  features  of  the  windows  mterface.  When  using 
traditional  Languages  like  C,  writing  programs  that  could 
detect  a  mouse  click,  draw  a  menu,  or  aeate  a  button  was 
beyond  the  ability  of  all  but  the  most  serious  programmer. 
Computer  literate  college  professors  who  were  not 
computer  scientists  were  accustomed  to  writing  their  own 
simple  programs  in  a  language  like  BAJJ^C,  Because  of 
the  complexity  of  writing  GUI  programs,  these  faculty 
generally  do  not  write  programs  for  a  graphical  interface. 
Now,  thanks  to  the  introduction  of  Visual  BASIC,  this 
situation  has  changed.  Visual  BASIC  is  a  programming 
environment  developed  by  MicroSoft  that  combines  the 
simplicity  of  BASIC  with  the  tools  to  program  sophisti- 
cated Windows  -based  applications  (Hergert,  1991). 

Visual  BASIC  is  a  tool  that  allows  you  to  create 
applications  that  use  all  of  the  advanced  features  we  have 
quickly  come  to  expect  in  a  windows  b  ased  program. 
Despite  this  power,  it  easy  to  use.  Teacher  educators  who 
are  knowledgeable  about  computers  will  be  interested  in 
Visual  BASIC  from  two  distinct  perspectives.  First,  as  an 
^plication  development  tool,  teacher  educators  will  use 
Visual  BASIC  to  develop  their  own  sophisticated  Win- 
dows based  ^plications.  These  applications  might 
include  computer  assisted  instructional  (CAI)  programs, 
simulations,  multimedia  presentations,  and  other  types  of 
programs.  Second,  teacher  educators  working  in  the 
computer  science  or  computer  programming  area  will 
appreciate  the  possibility  of  using  Visual  BASIC  as  a 
programming  language  for  students*  Visual  BASIC 
contains  many  features  that  make  it  a  reasonable  choice 
for  use  at  the  secondary  level.  This  paper  discusses  Visual 
BASIC  from  both  perspectives. 
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Vi$uol  BASIC:  A  Windows  Application 
D«v«iopnnent  Tool 

Visual  BASIC  allows  for  the  design  of  applications 
that  include  elements  that  are  integral  parts  of  a  graphical 
user  interface.  These  include  pull  -down  menus,  dialog 
boxes,  icons,  and  mouse  controls  (Craig,  1991).  Applica- 
tions are  built  directly  on  the  saeen  by  clicking  and 
dragging  icons.  When  you  start  Visual  BASIC,  you  are 
presented  with  a  saeen  like  the  one  in  Figure  1. 

The  major  portion  of  the  center  of  the  screen,  shown 
in  Figure  1  as  Forml  is  what  Visual  BASIC  refers  to  as  a 
form.  Forms  are  the  windows  that  Visual  BASIC  uses  to 
display  mformation.  Once  these  windows  are  created, 
they  already  have  the  ability  to  be  sized,  minimized, 
moved  around  the  screen,  and  so  forth.  You  assign  this 
form  certain  properties  by  using  the  mouse  to  choose 
them  from  the  properties  bar,  shown  m  Figure  1  directly 
above  the  form.  These  properties  control  how  the  form 
looks  and  works.  Some  of  the  properties  include  the  forms 
name,  size,  background  and  foreground  colws  and  other 
attributes. 

Like  other  windows,  forms  can  contain  many  different 
kinds  of  infoimation  including  graphics,  text,  buttons,  and 
other  visual  representations.  For  example,  to  add  a 
gr^hic  to  a  form,  you  simply  click  on  tne  picture  icon  in 


the  toolbox  shown  on  the  left  hand  side  of  Figure  1.  The 
picture  icon  is  located  at  the  top  right  of  the  toolbox.  Once 
selected,  you  place  and  size  the  graphic  area  on  the  form. 
Graphics  may  be  added  to  the  window  by  loading  them 
from  disk,  or  by  cutting  and  pasting  from  a  paint  program. 
Text  wmdows  can  be  created  just  as  easily.  Text  windows 
can  have  attributes  like  scroll  bars,  cut  and  paste  capabil- 
ity, and  other  features  assigned  by  selecting  them  from  the 
toolbox. 

To  place  a  button  on  a  form,  you  just  select  the  button 
tool  (third  button  on  the  right  of  the  toolbox  in  Figure  1) 
with  your  mouse,  position  it  on  the  form,  and  decide  what 
type  of  event,  typically  a  mouse  click,  the  button  responds 
to.  Once  this  is  done,  you  must  determine  what  the  button 
does  in  response  to  the  message.  This  is  where  computer 
code  is  written.  Using  other  programming  tools  to  create 
Windows  a{^lications,  you  must  learn  anew  program- 
ming language.  But  with  Visual  BASIC,  this  code  is 
written  in  the  BASIC  language  many  teacher  educators 
already  know.  Because  BASIC  has  been  used  widely  m 
education  smce  the  earliest  miaocomputers,  many 
teacher  educators  are  already  familiar  with  this  language. 
Therefore,  one  can  begin  to  design  applications  almost 
immediately. 
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Figure  1 .  Opening  screen  of  Visual  BASIC.  1 
Technology  and  Teochor  Educotion  Annuol  — 1993 


Visuol  BASIC:  A  Progranrvning  Language 

Teacher  educators  in  the  field  of  computer  science 
education  will  also  be  interested  in  the  possibility  of 
teaching  Visual  BASIC  to  students.  The  BASIC  language 
has  been  taught  in  schools  for  many  years.  This  practice 
has  not  been  without  its  critics,  with  most  computer 
scientists  believing  that  BASIC  should  not  be  taught  at 
all.  Below  is  a  brief  overview  of  the  history  of  the  BASIC 
language  followed  by  a  discussion  of  the  differences 
between  older  versions  of  BASIC  and  Visual  BASIC. 

Ihe  Bockground  of  the  BASIC  Language 

The  BASIC  programming  language  was  developed  at 
Dartmouth  College  in  1963  by  John  Kemeny  and  Thomas 
Kurtz.  Their  purpose  was  to  teach  college  students  who 
were  not  computer  science  majors  how  computers 
worked.  To  accomplish  this,  they  made  the  language  as 
easy  to  learn  as  they  could.  In  fact,  the  first  version  of 
BASIC  consisted  of  about  seven  commands.  While  the 
language  was  concise  and  easy  to  use,  it  was  quite 
limited.  Because  the  language  was  designed  as  a  teaching 
tool,  not  as  a  full  -blown  programming  language,  this 
was/is  not  surprising. 

If  not  for  the  microcomputer  revolution,  BASIC 
would  certainly  have  been  nothing  more  that  a  footnote  in 
the  history  of  computer  languages.  However,  when  the 
microcomputer  was  introduced  in  the  late  1970's,  it  came 
bundled  with  a  somewhat  more  sophisticated  version  of 
the  language.  These  versions,  including  Apple  BASIC, 
were  still  quite  limited  and  not  really  suitiile  for  large 
applications.  Many  were  written  by  Bill  Gates  and  his 
colleagues  at  a  small  software  company  named  Microsoft. 
However,  one  must  remember  that  these  early  microcom- 
puter versions  of  BASIC  were  written  for  microcomputers 
that  sported  a  full  16K  of  memory! 

Schools  began  teaching  computer  programming  using 
the  BASIC  language  ahnost  immediately.  The  reason  was 
simple,  BASIC  came  free  with  the  computer.  Early 
adopters  of  microcomputer  technology  were  visionaries 
who  saw  the  value  of  computers  in  education,  but  had  not 
yet  figured  out  how  to  integrate  them  into  the  curriculum. 
Computers  were  often  purchased  with  little  thought  as  to 
how  they  would  be  used.  Many  schools  purchased 
computers  but  failed  to  buy  software.  Therefore,  early 
computer  teachers  often  taught  BASIC  simply  because  it 
was  there.  This  was  not  exactly  the  most  sound  pedagogi- 
cal reasoning.  Nevertheless,  BASIC  became  an  important 
language  for  teachmg  students. 

In  1980,  IBM  entered  the  microcomputer  world  with 
the  introduction  of  the  IBM  -PC.  This  computer  came 
with  a  full  128K  of  memory  and  a  customized  version  of 
Microsoft  BASIC,  which  immediately  became  the 
industry  standard.  While  this  was  a  relatively  powerful 
implementation  of  BASIC,  there  were  some  significant 


problems  in  using  it  to  develop  serious  applications. 

In  fact,  computer  scientists  had  always  had  major 
problems  with  the  BASIC  language.  They  pointed  out  that 
BASIC,  with  its  quaint  line  numbers  and  virtually 
limitless  ability'  to  GOTO  anywhere  in  the  program  at  any 
time,  was  unsuitable  for  solving  complex  problems.  They 
noted  that  trying  to  follow  the  code  in  a  BASIC  program 
was  like  trying  to  unravel  a  bowl  of  spaghetti.  This  made 
for  poor  r  gram  readability  and  made  it  difficult  to 
maintain  and  revise  a  program.  Also,  since  BASIC  was  an 
interpreted  language  rather  that  a  compiled  one,  it  ran  too 
slowly  for  large,  complex  ^plications.  Despite  these 
objections,  microcomputer  users  found  BASIC  to  be  a 
useful  tool  and  thousands,  probably  millions,  of  educa- 
tional, business,  and  recreational  programs  were  written 
in  it 

In  1982,  Microsoft  introduced  a  radically  different 
implementation  of  BASIC  called  QuickBASIC.  This 
product  legitimized  BASIC  as  a  serious,  powerful 
programming  tool.  QuickBASIC  combined  the  friendli- 
ness and  ease  of  the  interactive  interpreter  with  the  speed 
and  power  of  a  compiler.  Line  numbers  were  no  longer 
necessary,  and  features  of  more  modOTi  languages  like 
Pascal  and  C  were  incorporated.  As  a  subset  of  the 
QuickBASIC  computer  programming  language.  Visual 
BASIC  has  many  features  that  make  it  a  good  choice  as  a 
progranuning  language  for  students. 

Teaching  Visual  BASIC 

Visual  BASIC  is  a  good  choice  as  a  programming 
language  for  use  in  secondary  education  for  two  reasons. 
First,  as  a  dialect  of  the  BASIC  language.  Visual  BASIC 
is  easy  to  learn  and  use.  Second,  Visual  BASIC  uses  the 
latest  techniques  and  theories  of  computer  programming, 
object  oriented  programming.  This  section  discusses  both 
aspects  of  Visual  BASIC. 

A  programming  language  selected  for  use  in  education 
secondary  schools  should  have  features  that  support  an 
^proach  to  problem  solving  that  stresses  reducing  the 
complexity  of  a  problem  by  breaking  it  into  a  series  of 
smaller  sub-problems.  This  powerful  problem  solving 
technique  is  called  problem  decomposition.  Once  the  sub- 
problems  are  identified,  each  is  worked  on  and  perfected 
separately  using  a  process  called  step  wise  refinement. 
This  approach  stresses  a  top  -down  (from  general  to 
specific)  method  of  problem  solving. 

Languages  that  support  thi?-.  i^)proach  to  problems  are 
generally  called  structured  languages.  Structured  lan- 
guages support  the  creation  of  separate  modules  with  their 
own  variables.  These  modules  are  used  to  represent  the 
sub  -problems  described  above.  To  be  useful,  these 
modules  must  have  the  ability  to  receive  values  (param- 
eters) passed  to  them.  Structured  languages  also  must 
provide  for  use  of  block  control  statements.  These 
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characteristics  of  structured  languages  support  the 
valuable  problem  solving  skills  of  analysis  and  refinement 
mentioned  above.  Visual  BASIC  is  a  good  choice  as  a 
teaching  language  because,  among  other  things,  it 
provides  most  of  these  features. 

Visual  BASIC  encourages  the  development  of 
separate  modules  by  allowing  named  subroutines, 
parameter  passing,  and  user  defined  functions.  As  a  result. 
Visual  BASIC  rivals  such  structured  languages  as  Pascal 
and  C.  Of  course,  it  should  be  recognized  that  each 
language  has  its  own  strengths  and  limitations.  Pascal  and 
C  have  several  advantages  over  Visual  BASIC  for  some 
^plications.  However,  Visual  BASIC  makes  developing 
powerful  Windows  based  programs  much  easier.  Since 
graphical  user  interface  based  programs  are  the  wave  of 
the  future,  students  should  learn  how  they  aie  created. 

Visual  BASIC  also  encourages  modular  programming 
by  supporting  the  use  of  local  variables.  All  variable  are 
automatically  considered  local  to  the  module  in  which 
they  are  declared.  To  create  a  global  variable,  you  must 
specifically  declare  it  in  a  special  global  module.  This  is 
the  only  way  to  make  a  variable  available  to  the  entire 
program.  This  encourages  students  to  think  about  each 
module  separately  as  they  improve  it.  This  suK>orts  the 
process  of  step-wise  refinement  discussed  above.  Of 
course,  because  Visual  BASIC  uses  a  visual  approach, 
programming  in  Visual  BASIC  is  very  different  from 
QuickBASIC.  One  of  the  main  differences  is  that  Visual 
BASIC  uses  an  object  oriented  approach. 

Visual  BASIC:  An  Object  Oriented  Language 

One  of  the  most  contemporary  api^-oaches  to  teachmg 
computer  programming  is  called  object  oriented  program- 
ming (OOPS).  In  this  approach,  you  create  software 
objects  that  have  certain  properties  (attributes)  and 
problem  solving  techniques  (methods)  that  detennine  how 
they  perform  the  designed  task.  These  objects  wait  to  be 
sent  a  message  that  tells  them  when  to  perform  their 
function.  The  function  the  object  perfonns  is  determined 
by  the  computer  code  associated  with  it.  Visual  BASIC 
uses  this  object  oriented  approach  to  computer  program- 
ming. 

When  you  create  a  form,  button,  graphics  window, 
text  window,  or  other  object,  you  assign  it  properties 
(attributes)  and  describe,  in  computer  code,  how  it  works 
(methods). 

Visual  BASIC,  like  other  object  oriented  environ- 
ments, creates  applications  that  are  event  driven.  This 
means  that  each  object  m  the  application  responds  to 
specific  events  such  as  a  key  press  or  mouse  click.  To 
show  how  event  programmmg  is  different  from  that  of 
traditional  programming  consider  a  simple  problem.  The 
problem  is  to  write  a  program  that  prints  your  name  on 
the  screen  five  times.  The  code  for  QuickBASIC,  is: 


for  index  =  1  to  5 
print  '"Ray  and  Dan'' 
next  index 

This  code  is  always  executed  when  the  program  is  run. 
That  is,  the  program  controls  when  things  are  done.  In  an 
event  driven  program,  the  user  decides  when  code  is 
executed.  This  is  usually  is  done  by  selecting  a  button 
with  a  mouse  and  clicking.  To  create  a  program  that 
solves  the  same  problem  with  Visual  BASIC,  you  create  a 
button  by  selecting  it  from  the  toolbox.  After  placing  the 
button  on  the  form  and  sizing  it,  you  then  change  the 
caption  attribute,  perhaps  to  "Print  Name,*'  by  using  the 
properties  bar.  Of  course,  at  this  point  you  could  also 
change  any  of  the  button's  attributes.  Next,  to  add  the 
computer  code,  you  double  click  on  the  newly  created 
button.  This  places  you  in  an  editor  that  displays: 

Sub  Form„Click(l) 

End  Sub 

Notice  that  Uie  first  Ime  of  the  procedure  tells  die  type 
of  event  In  Uiis  case,  a  button  clicL  on  tiie  form,  will 
activate  the  code  you  will  enter.  After  the  first  line  of  tiie 
procedure,  type  in  the  same  code  used  in  the  QuickBASIC 
example  such  that  it  becomes: 

Sub  Forin.CUck(l) 
for  index  =  1  to  5 
print  "Ray  and  Dan" 
next  index 
End  Sub 

When  the  program  is  executed,  the  button  "Print 
Name"  is  displayed.  However,  the  code  associated  with  it 
is  not  executed  until  tiie  button  is  pressed.  Code  Uiat  is 
executed  only  when  a  certain  event  comes  to  pass  is  an 
essential  ingredient  in  object  oriented  programming. 
While  the  above  is  a  simple  example  of  what  is  meant  by 
event  driven  programming,  the  concept  is  important  when 
writing  programs  for  a  grapliical  user  mterface. 

Anotiier  advantage  of  the  object  oriented  approach  is 
the  short  learning  time  needed  to  produce  high  quality 
applications.  This  feature,  combined  with  the  simplicity 
of  the  BASIC  language,  make  it  possible  for  students  to 
create  powerful,  professional  looking  ai^lications. 
Developing  applications  like  this  is  far  more  motivational 
than  developing  the  simple  jH-ograms  commonly  produced 
in  today's  programming  classes.  This  is  another  reason 
tiiat  Visual  BASIC  is  a  good  choice  for  educators  who 
teach  progranuning. 
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Implications  for  Education 

The  introduction  of  HyperCard  several  years  ago 
showed  the  educational  potential  of  providing  teacher 
educators  with  powerful  development  tools.  Many 
teachers  in  a  variety  of  disciplines  have  developed  their 
own  HyperCard  stacks.  Because  HyperCard  is  rich  in  its 
ability  to  display  a  wide  variety  of  types  of  information,  it 
is  an  excellent  tool  for  developing  computer  assisted 
instruction.  HyperCard  has  also  gained  acceptance  for  use 
as  a  programming  language  for  students.  Many  of  the 
arguments  for  teaching  HyperCard  to  students  are  similar 
to  the  reasons  presented  for  teaching  Visual  BASIC. 

While  Visual  BASIC  is  quite  different  from  Hyper- 
Card, both  provide  the  opportunity  for  non-programmers 
to  create  complex  applications.  Since  many  teacher 
educators  live  in  a  PC  world.  Visual  BASIC  may  well 
have  the  kind  of  impact  on  the  PC  realm  in  education  that 
HyperCard  did  on  the  Macintosh  realm  of  education. 

Visual  BASIC:  A  Postscript 

A  major  problem  with  the  first  version  of  Visual 
BASIC  was  that  applications  ran  a  bit  slowly  and  did  not 
use  computer  resources  wisely.  These  problems  have 
largely  been  eliminated  with  the  introduction  of  Visual 
BASIC  2.0  (Bonner,  1992).  Version  2.0  also  provides 
additional  controls  that  improve  the  language. 

Another  problem  with  the  ftrst  version  of  Visual 
BASIC  was  that  it  required  a  Windows  environment.  The 
problem  with  a  Windows  program  is  that  it  requires  a 
computer  with  at  least  an  80286  microprocessor,  substan- 
tial memory,  and  a  large  capacity  disk  drive.  Many 
schools  have  not  yet  upgraded  to  this  standard.  Recently, 
MiCTosoft  announced  a  DOS  version  of  Visual  BASIC 
that  runs  on  a  regular  PC.  Both  of  these  improvements  are 
sure  to  make  Visual  BASIC  more  popular. 
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The  relevance  of  analogy 
quality  in  the  classroom 

Jerry  P.  Galloway 
Indiana  University  Northwest- 
Gary 


There  has  been  much  iilerature  on  analogies  in 
concept  development  (Brown  &  Clement,  1989; 
Grandgenett  &  Thompson,  1991;  Genmer,  1983; 
Gick  &  Holyoak,  1980;  Sternberg,  1977).  Most  of  the 
literature  seems  to  focus  on  discovering  or  developing  the 
best  possible  analogy  for  a  given  comparison.  A  good 
analogy  seems  to  accurately  or  completely  represent 
critical  relationships  and  concepts  while  less  important 
attributes  are  considered  irrelevant.  Most  such  literature 
t>T)icaily  falls  short  of  providing  practical  infonnalion  for 
the  average  classroom  teacher  on  how  to  actually  use 
analogies  as  an  instructional  tool. 

It  makes  sense  that  students  could  benefit  from 
complete  and  accurate  mental  models.  Some  analogies 
have  been  reported  as  highly  representative  of  relation- 
ships found  in  their  target  domain  (Curtis,  1988;  Halpem. 
1987).  While  there  are  a  few  widely  accepted  computing 
analogies  commonly  accepted,  others  might  be  considered 
extreme,  dissimilar  or  even  useless  (Figure  1.).  It  seems 
appropriate  to  prefer  a  perfect  analogy,  a  mental  model 
which  perfecUy  represents  the  target  concept.  It  has  been 
assumed  that  a  really  good  analogy  would  better  serve 
conceptualization. 

Analogies  have  been  shown  to  be  effective  tools  in 
leaching  educational  computing  (Galloway,  1992a). 
However,  it  was  also  shown  that  analogies  must  be  fully 
developed  with  an  examination  of  the  similarities  as  well 
as  differences.  In  addition,  the  limitations  of  the  analogy 
should  also  be  dealt  with  to  obtain  positive  results.  Not  all 
analogies  are  equally  representative  in  their  comparisons 
and  some  may  initially  seem  quite  poor  -  but  is  this 
relevant  for  the  classroom  teacher?  While  it  seems 
obvious  that  a  good  analogy  would  be  preferred  over  a 
poor  one,  is  it  really  necessary  to  use  only  the  best 
analogies  in  helping  students  improve  their  conceptual 
understanding? 

Methodology 

A  group  of  85  educational  computing  analogies 
(Galloway,  1992b)  were  rated  by  three  separate  experts: 
one  who  is  employed  as  a  microcomputer  q)erator  and 
had  completed  the  education  computer  literacy  course,  a 
secondary  science  teacher  who  uses  microcomputers  as  a 
personal/professional  management  tool  and  to  augment 
instructional  experiences,  and  a  secondary  computer 
science  teacher  who  also  teaches  adult  education  courses 
for  the  state's  Department  of  Education.  There  were 
analogies  on  everything  from  fundamental  concepts 
(command,  data,  file,  program,  etc.)  to  softwaie  and  other 
elements  of  computer  use  (word  processor,  sp-eadsheet, 
input/output,  variable,  etc.).  Analogies  were  rated  on  a  5 
to  1  scale  based  on  whether  they  where  highly  representa- 
tive of  the  target  domain  or  were  a  very  poor  representa- 
tion. 
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Deletion  in  word  proc. 


A  command 

A  program  ^ 

Computer  data  <-> 
A  computer  language 

A  command  <-> 

Input/Output  <^ 

A  computer  <-> 

A  variable  <-> 


Figure  1.  Some  analogies  rated 

The  16  "best"  analogies  and  16  "worst'*  analogies 
were  selected  on  the  basis  of  that  rating  and  were  then 
used  separately  in  the  instruction  of  two  groups  of 
beginning  computing  students  (1 1  subjects  per  group). 
While  the  two  groups  were  available  because  of  their 
enrolhnent  in  the  computer  literacy  course,  this  treatment 
was  randomly  assigned  to  the  two  groups.  Group  A 
received  exposure  to  the  best  analogies  and  group  B  to  the 
worst  or  poorest  of  the  analogies. 

Both  groups  were  taught  by  the  same  instructor,  with 
the  same  content  sequence  and  the  same  performance 
expectations.  The  analogies  were  spread  out  across  the 
course  to  coincide  with  instructional  units  and  related 
activities  within  the  course  (word  processing,  BASIC 
programming,  graphics,  database,  spreadsheet,  etc.). 
Analogies  were  well  developed  to  include  a  discussion  of 
both  similarities  and  differences  between  the  comparison 
and  target  domains.  Students  participated  direcUy  in  the 
discussions  as  the  analogical  comparisons  were  explored 
and  analyzed. 

Data  was  collected  through  a  pre/post  multiple  choice 
test  on  computing  concepts  (45  questions).  Also,  over  the 
semester  students  wrote  detailed  essay  answers  to  five 
questions  m  a  personal  journal.  In  each  case,  students 
were  told  that  their  task  was  to  create  an  answer  that 
would  help  the  reader  reach  a  complete  and  accurate 
understanding.  Essay  responses  were  blind  scored  with 
group  assignments  hidden  from  the  reviewer. 

Finally,  the  end  of  course  exam  was  included.  It 
served  as  a  measure  of  overall  computer  literacy  including 
both  knowledge  of  skills  and  procedures  and  conceptual 
understanding. 

ResuEts 

While  pretest  data  confirmed  an  extremely  high 
degree  of  beginning  similarity  between  the  two  groups, 
posttest  data  show  that  the  two  groups  remained  nearly 


human  forgetting. 

an  alarm  clock  noise. 

wash/rinse  cycle  on  a  washing  machine. 

information  on  an  award  certificate. 

the  laws  of  nature. 

"close  cover  before  striking"  on  match  book. 

sewer  drainage. 

partner  or  a  friend. 

clear  window  in  an  envelope. 

poor  or  lov/  quality  comparisons. 

identical  at  the  end  of  the  course.  Table  1  shows  that  the 
scores  after  the  differing  treatments  with  analogies  were 
practically  identical.  The  mean  scores  for  the  course's 
final  exam  were  in  fact  identical  for  the  two  groups. 

The  journal  essay  responses  also  showed  no  signifi- 
cant difference  between  groups.  Each  measure,  the  pre/ 
posttest,  the  course  final,  the  essay  responses  on  three 
separate  criterion,  all  indicate  that  the  two  groups  contin- 
ued throughout  the  course  to  be  virtually  identical. 
Results  seem  to  indicate  that  there  is  no  difference 
between  a  good  analogy  or  bad  analogy  in  terms  of 
facilitating  students*  conceptual  development  and 
improving  of  their  uiKJerstanding.  Through  proper 
development  and  student  involvement  in  analyzing  both 
similarities  and  differences,  both  good  and  bad  analogies 
can  apfKirently  be  equally  effective  in  helping  students 
improve  iheir  understandings  in  educational  computing. 

Discussion 

How  important  is  the  quality  of  analogies  in  the 
classroom?  Ritualistic  or  procedural  learning  is  broadened 
or  enhanced  by  the  development  of  a  more  complete 
conceptual  base.  However,  higher-order  thinking  and 
problem  solving  skills  require  a  level  of  understanding 
beyond  simple  ritual  knowledge  (Vockell  &  van  Deusen, 
1989).  Classroom  teachers  need  effective  strategies  for 
helping  students  achieve  better  under?^tandings.  Kintsch 
and  Greeno  (1985)  support  the  relationship  between 
understanding  and  problem  solving  ability  with  arithmetic 
word  problems  and  the  need  for  an  internalized  "concep- 
tual representation  upon  which  problem-solving  processes 
can  operate'*  (p.  1 10).  The  importance  of  sound  concep- 
tual models  in  problem-solving  and  higher-order  thinking 
is  further  supported  by  Mayer  (1989). 

While  it  may  be  true  that  ''Computing  teachers  need 
models  for  what  analogies  to  use  as  well  as  for  how  and 
when  to  use  them,**  (Bright,  1989,  p.  5),  pe/haps  the  most 
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Table  1 

Post  treatment  scores  and  differences 


Good  Analogies 


Poor  Analogies 


Differences 


Written  test 

Percent 
Mean 
SD 

65.66 
29.55 
i.W 

67.27 
30.27 

1.62 
0.73 
0.84 

Course  Final 

Exam 

79.00% 

79.00% 

0 

Journal  Essays 
Overall 

31.18 

30.45 

0.73 

important  focus  should  be  on  how  analogies  can  be  used 
most  effectively  rather  than  on  building  a  repertoire  of 
good  analogies. 

All  data  collected  in  this  study,  the  written  ♦est  scores, 
the  course  final  exam  and  of  course  the  journal  essays, 
show  that  the  two  groups  remained  similar  in  spite  of  the 
dichotomized  treatment  of  analogies  in  instruction.  The 
students'  achievement  in  the  course,  their  conceptual 
development  and  their  ability  to  use  analogies  (without 
being  prompting  to  do  so)  and  explain  computing  were  all 
apparendy  affected  equally  by  both  good  and  poor 
analogies.  These  results  assume  of  course  that  analogies 
are  properly  developed. 

In  trying  to  understand  new  ideas,  students  can  benefit 
from  an  analysis  of  a  concept's  attributes,  necessary  and 
coincidental,  and  in  seeing  how  that  concept  relates  to 
other  similar  ideas  or  situations.  This  examination  of 
relationships,  making  comparisons  and  searching  through 
information,  is  described  as  "the  core  of  analytical 
reasoning,"  (Whimbey  &  Lochhead,  1984,  p.  19).  This 
approach  is  critical  in  the  proper  use  of  analogies. 

There  is  evidence  that  analogies  can  be  effective 
learning  tools  (Galloway,  1992a).  However,  as  demon- 
strated in  this  study,  die  primary  issue,  contrary  to  the 
concerns  of  many  educators,  may  not  be  whether  the 
analogy  is  good  or  bad.  This  authCM*  has  experienced  many 
cases  where  educators  expressed  an  inmiediate  negative 
reaction  to  swne  analogies,  but  usually  with  little  thought 
given  to  the  details  of  the  comparison.  Such  labeling  may 
be  inappropriate  as  analogies  are  selected  for  use  in  the 
classroom.  The  learning  process  seems  to  lie  in  analyzing 
relationships  and  attributes  between  the  target  and 
comparison  domains.  Analogies  may  be  considered  useful 
so  long  as  they  facilitate  that  process  and  it  seems  that  so- 
called  good  and  bad  analogies  can  both  serve  that  process 
equally  -  if  used  properly  in  the  classroom. 

Although  there  are  alternative  explanations  of  the 


results  of  this  study  (e.g.,  die  dependent  measures  were 
not  sensitive  enough  to  detect  real  differences;  the  course 
was  so  effective,  or  ineffective,  that  differences  were 
"washed  out"),  the  fact  that  multiple  measures  produced 
no  differerices  that  even  approached  significance  suggests 
the  quality  of  analogies  may  not  be  as  important  as  odier 
factors.  Future  research  needs  to  focus  on  classroom 
instructional  implementation  of  analogies.  More  work 
needs  to  be  done  to  help  teachers  learn  how  to  use 
analogies  in  instruction  with  students  in  the  classroom 
radier  dian  on  discovering  the  best  analogy  or  on  how  to 
construct  the  best  possible  analogy. 
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Concept  Learning  and  Technology 

The  sight  of  brave,  dusty  horse  handlers  herding  a 
rampaging  herd  of  wild  horses  is  a  familiar  one  to 
veterans  of  Westem  adventure  movies.  Success  in 
this  endeavor  depended  on  "corralling**  unruly  animals  in 
a  penned  area  or  box  canyon  where  they  were  sorted  and 
classified,  tamed  and  trained.  Learning  new  concepts, 
especially  complex  ones,  is  its  own  kind  of  adventure — 
complete  with  stray  thoughts,  unruly  reactions,  and 
rampaging  doubts  as  students  of  every  level  struggle  to 
make  connections  and  meaning.  According  to  Wittrock's 
(1986)  model  of  generadve  learning,  "corralling**  or 
comprehending  any  concept  is  "the  generation  of  a 
structural  or  conceptually  ordered  representation  of  the 
relations  among  the  parts  of  the  infonnation  to  be  learned, 
and  between  this  information  or  these  ideas  and  one*s 
knowledge  base  and  experience''  (p.  308).  Mayer  (1984) 
maintains  that  this  type  of  building  internal  connections 
can  be  increased  by  explicit  training  in  encoding  stiate- 
gies.  For  brave,  dusty  teachers  trying  to  encourage 
learning,  this  means  that  they  must  lead  (and  sometimes 
push  and  pull)  students  to  forai  cognitive  connections  or 
relations  between  elements  of  new  information  and  what 
they  ah^ady  know. 

The  technical  problems  of  teaching  for  learning  for 
today's  teachers  are  exacerbated  by  the  learning  attitudes 
of  their  students.  Moeschl  and  CosteUo  (1988)  report  that 
"teachers  are  facing  an  increasing  number  of  learners  who 
do  not  respond  well  to  traditional  teaching  methodology" 
(p.  77).  These  students  are  bombarded  by  a  world  rich  in 
visual  images,  exploding  information,  and  demands  on 
time.  It  simply  is  not  possible  to  remember  everything. 
Effective  teachers,  then,  are  selective  teachers:  they  select 
key  concepts  and  organize  them  to  increase  meanmg  and 
comprehension  for  students  (Prawat,  1989).  Effective 
teachers  are  also  innovative  teachers  who  go  beyond  the 
traditional  methods  (lecture,  class  discussion)  to  present  a 
concept  and  its  organization. 

This  paper  reviews  a  nontraditional  model  of  learning 
concepts--Concept  Attainment— with  a  nontraditional 
way  of  presenting  the  model— HyperCard  technology 
through  the  Connections  program— as  an  approach  to 
effective  learning  and  teaching.  Both  contributors  to  this 
approach,  the  model  and  the  technology,  are  concerned 
with  efficiency.  In  his  early  wwk  on  thinking  and  concept 
attainment,  Bruner  (1967)  found  that,  "the  establishment 
of  a  category  based  on  a  set  of  defining  attributes  reduces 
the  necessity  of  constant  leammg"  (p.  12).  Understandmg 
the  defining  attributes  allows  the  learner  to  efficiently 
place  the  new  information  into  a  category  thereby 
learning  in  less  lime  with  fewer  errors.  A  teacher/educator 
can  use  the  HyperCard  Connections  to  stimulate  and 
maintain  student  attention  while  presenting  the  defmmg 
attributes  of  a  concept  more  efficiently  than  writing 
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examples  and  nonexamples  on  a  blackboard  or  overhead. 
The  program  contains  set  fields  for  prior  entry  of  infonna- 
tion  and  blank  fields  for  students*  contributions  so  that 
both  prepared  categories  and  spontaneous  contributions 
can  be  accommodated.  Furthennoie,  all  this  informatic 
can  be  given  and  received  from  a  position  facing  the  class 
so  that  attention  is  not  disrupted  and  student  responses  are 
not  missed. 

Steps  of  the  Concept  Attainment  Model 

The  Concept  Attainment  Model  for  instruction  begins 
with  the  teacher  selecting  a  concept  to  be  learned  and 
listing  exemplars  of  the  attribute  and  nonexemplars  in 
pairs  in  "Yes**  and  "No**  columns.  For  example,  if  the 
concept  to  be  attained  is  "nouns,**  a  partial  list  could 
consist  of  the  following  pairs: 

Yes  No 

eagle  swimming 

shirt  tremendous 

child  leads 

New  York  hardly 

Exemplars  and  nonexemplars  are  uncovered  or  given 
in  pairs  so  that  students  can  compare  and  contrast  the 
attributes  of  the  pair.  The  positive  exemplars  all  share  the 
attribute  in  common.  The  negative  exemplars  do  not 
necessarily  share  anything  in  conmi(Mi:  they  are  simply 
nonexamples  of  the  attribute,  hi  this  way,  students  not 


only  learn  what  a  concept  is;  they  learn  what  it  is  not.  A 
complex  concept  may  need  up  to  20  pairs  of  exemplars 
and  nonexemplars  for  students  to  form  a  correct  hypoth- 
esis of  the  concept,  but  simpler  concepts  can  be  identified 
in  10  or  less.  All  student  ideas  are  accepted  and  recorded, 
then  eliminated  or  accepted  and  refined  by  further 
examples  of  the  concept. 

In  the  next  step,  students  examine  all  the  attributes  to 
form  a  definition  of  the  concept  and  compare  it  to  the 
"text"  definition.  More  exemplars  and  nonexemplars  are 
offered  by  students  to  test  comprehension.  The  final  step 
of  the  model  finds  students  taking  control  of  their 
thinking  strategies  by  analyzing  their  thinking  during  the 
process,  evaluating  the  role  of  hypotheses,  and  consider- 
ing the  number  and  type  of  hypotheses. 

The  Concept  Attainment  Model  presented  with 
technology  can  be  used  at  any  grade  level  for  any  subject, 
any  concept.  It  does  not  require  a  change  in  the  curricular 
concepts  taught,  but  rather  a  change  in  the  way  those 
concepts  are  taught.  Cognitive  developmental  levels  are 
important,  however,  when  designing  the  lists  of  attributes. 
It  is  quite  possible  to  use  Concept  Attainment  with  lower 
elementary  children,  bu.  ihe  exemplars  would  have  to 
focus  on  concrete  items  for  which  young  children  would 
have  a  reference  (for  example,  television,  not  cathode  ray 
tube). 


Table  1 

Summary  of  the  Concept  Attalnnnent  Model 


Model  Process 

Model  Syntax 

Teacher's  Role 

Students*  Role 

Step  I 

•  Present  exemplars  and 
nonexemplars. 

•  Form  hypothesis  and 
definition 

•   Present  labeled  pairs  of 
exemplar/  nonexemplar 

•  Compare  and  contrast 
all  examples 

•  Generate  and  test 
hypotheses 

•  Formulate  a  definition 

Step  II 

•  Test  hypotheses 

•  Students  generate  more 
exemplars  and 
nonexemplars 

•  Confirm  hypothesis 

•  Name  concept  and 
elaborate 

•  Generate  additional 
exemplars  and 
nonexemplars 

Step  III 

•   Process  thinking 
strategies 

*   Guide  discussion 

•  Describe  thought  during 
the  process 

•  Discuss  various  hypoth- 
eses &  attributes 

•  Discuss  types  of 
hypotheses 

(Adapted  from  Joyce,  Weil,  &  Shower,  1992,  p.  153) 
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Figure  1 .  Attribution  Carcl(s) 


ConnBCtions  HyperCard  Stack 

The  HypeiCard  program,  Connections,  while  designed 
to  present  all  stages  of  the  model,  is  best  suited  to 
concepts  whose  attributes  can  be  described  with  words, 
short  phrases,  or  numbers.  The  attribution  fields,  how- 
ever, can  be  adjusted  to  accommodate  sentences  with  a 
word  or  phrase  presented  in  "bold"  type  or  "italicized**  for 
clarity.  Graphic  symbols,  other  symbols,  even  scanned 
images  could  be  used  within  this  program  to  "fill**  the 
fields  and  provide  exemplars  and  nonexemplars.  (See 
Figure  1.) 

Once  the  fields  have  been  filled,  they  can  be  hidden 
by  clicking  on  the  "Hide**  button.  Subsequent  clicking  on 
the  "?**  buttons  reveal  the  fields  one  at  a  time.  The 
directional  arrows  in  the  upper  right  of  the  card  allows 
movement  within  the  program  so  that  hypotheses  can  be 
recorded  and  fields  reviewed.  Once  the  concept  has  been 
correctly  identified,  the  students  are  presented  with  a  card 
with  open  fields  to  register  student-generated  examples 
and  nonexamples  of  the  concept.  The  last  card  of  the 
stack  facilitates  the  metacognitive  strategy  of  the  model. 
When  the  steps  of  the  Concept  Attainment  Model  have 
been  completed,  the  program  can  be  cleared  selectively 


and  saved  to  be  used  again  or  cleared  completely  by 
clicking  the  "Clear"*  buttons  on  each  card. 

Types  of  Attributes 

The  following  attributes  used  within  the  fields  of  the 
HyperCard  program,  Connections,  serve  specific  func- 
tions in  defining  or  clarifying  concepts: 

•  Essential  Attribute — characteristics  that  identify  an 
item  as  part  of  a  category.  For  example,  an  orange 
must  have  characteristics  of  the  class  or  category  of  a 
citrus  fruit  to  be  identified  as  a  piece  of  citrus  fruit. 

•  Positive  Exemplar — an  example  that  contains  all  of 
the  essential  or  critical  attributes  of  a  category. 

•  Negative  Exemplar — an  example  that  has  the  absence 
of  one  or  more  of  the  essential  or  critical  attributes  of  a 
category. 

•  Multiple  or  Variable  Exemplar — an  example  that 
requires  the  presence  of  several  attributes  to  be 
classified  within  a  category.  A  "green-eyed  girl,**  for 
instance,  requires  green  eyes  and  femaleness  to  be  a 
positive  exemplar. 

•  Concept  Definition — a  statement  that  outlines  the 
essential  attributes  of  a  concept.  The  concept  defini- 
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tion  of  "herb* —a  plant  that  has  a  fleshy  stem  as 
distinguished  from  the  woody  tissue  of  shrubs  and 
trees,  used  in  medicine  or  as  seasoning,  and  that 
generally  dies  back  at  the  end  of  each  growing 
season — states  this  category's  essential  elements. 
Positive  examplars  would  be  parsley,  sage,  and  thyme. 
Negative  exemplars  would  be  nutmeg,  cinnamon, 
pepper,  salt. 

Appliod  Rosaorch  Results 

Research  about  the  effectiveness  of  integrating 
technology  with  the  Concept  Attainment  Model  has  been 
conducted  at  the  university  level  in  a  Drake  University 
teacher  education  class  and  in  a  secondary  language  arts 
classroom.  The  preliminary  pilot  at  the  university  level 
found  students  generally  enthusiastic  about  the  program 
and  able  to  finally  define  to  their  satisfaction  the  semanti- 
cally  confusing  concept  of  "negative  reinforcement."  For 
easy  viewing  with  an  LCD  screen,  this  work  established 
the  need  for  a  font  size  of  at  least  14  points  with  a  bold 
style  (Chicago,  for  example).  Students  found  the  method 
useful  both  for  group  learning  about  reinforcement 
strategies  and  individual  tasks  such  as  setting  up  spelling 
programs  or  math  reviews. 

Research  at  the  secondary  school  level  involved  using 
the  HyperCard  program,  Connections,  to  review/teach  the 
eight  basic  parts  of  speech  over  an  eight-week  period.  The 
sample  populations  contributing  data  were  a  Sophomore 
language  arts  experimental  group  (n=26)  and  a  Sopbo- 
more  language  arts  control  group  (n=25).  Technology  was 
a  part  of  both  groups:  the  control  group  worked  on  the 
eight  basic  parts  of  speech  with  traditional  grammar 
exercises  presented  with  a  Macintosh  computer  and  LCD, 
while  the  experimental  group  studied  the  eight  basic  parts 
of  speech  through  the  Connections  HyperCard  program 
presented  with  an  LCD.  Scores  indicate  statistically 
significant  learning  from  both  groups  (p<.001).  The 
experimental  group,  however,  showed  a  greater  gain 
between  pretest  and  posttest,  reflected  in  a  higher  posttest 
score  despite  a  lower  pretest  score,  a  larger  T  ratio,  and  a 
higher  Pearson  R  (See  Table  2).  An  mdependenl  t  test  did 
not  confinm  statistically  significant  differences  between 


the  groups  perhaps  because  of  the  impressive  growth  of 
both  groups. 

Beyond  the  cognitive  achievement  of  the  students,  an 
attitude  survey  was  distributed  to  the  experimental  group 
both  befoft;  and  after  the  treatment  asking  students  about 
their  reactions  to  learning  grammar  in  general  and 
learning  with  computer-assisted  instruction  in  particular. 
Some  items  (9, 10, 17,  &  18)  were  structured  negatively 
to  check  for  response  set  and  random  responding.  For 
these  items,  growth  would  be  measured  in  a  lower  second 
score  instead  of  a  higher  second  score.  Table  3  lists  the 
items  and  means  of  the  two  attitude  surveys  on  a  Likert 
scale  of  1-5  where  l=strongly  disagree,  2=disagree, 
3=neutral,  4=:agree,  5=strongly  agree. 

In  this  survey,  students'  confidence  m  their  abilities  to 
identify,  understand,  and  give  examples  of  the  eight  basic 
parts  of  speech  has  been  enhanced  considerably  through 
the  use  of  the  CBI  program.  Connections.  They  still  donU 
like  to  study  grammar,  but  they  indicate  that  they  are  less 
intimidated  by  it  Mrs.  Hope  Bossard,  their  teacher, 
confirmed  that  by  using  Connections  to  develop  their  own 
definitions  and  examples,  students  clarified  previous 
"fussy"  notions  about  adverbs,  conjunctions,  prepositions, 
etc.  By  inductively  developing  their  own  definitions, 
students  take  ownership  both  of  the  concept  and  their  own 
learning.  With  self-confidence  in  their  ability  to  handle 
the  concepts  of  basic  grammar,  these  same  students  also 
report  a  greater  recognition  of  the  necessity  of  learning 
the  eight  basic  parts  of  speech  aiui  granunar*s  contribu- 
tion to  good  writing. 

The  general  positive  reaction  to  the  Concept  Attain- 
ment approach  to  teactiing  grammar  is  reinforced  by 
students*  replies  about  the  use  of  the  computer.  After  the 
study,  the  students  register  gains  in  the  first  six  categories 
that  ask  about  the  effectiveness  of  teaching  and  leammg 
with  a  computer.  Students  feel  that  they  like  a  teacher  to 
teach  with  a  computer,  that  class  is  more  interesting,  that 
they  learn  better,  and  that  they  leam  more  when  CBI  is 
used.  Their  teacher  supports  their  view  by  indicating  that 
the  computer  has  saved  time  with  this  model  even  as  it 
encourages  time  on  task. 


Table  2 

Test  for  Dependent  Samples 

Group 

It 

Pretest 
Mean 

Posttest 
Mean 

T  Ratio 

Pearson  R 

P 

Exper. 

26 

12.615 

24.154 

-10.029 

.616 

<.001 

Control 

25 

12.842 

24.000 

-7.819 

.567 

<.001 
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Table  3 

Attitude  Survey  A  and  Attitude  Survey  B 


Granunar  Items 

Survey  A 

Survey  B 

1.  Learning  the  8  basic  parts  of  speech  is  necessary 

3.64 

3.84 

2.  Knowing  the  8  basic  parts  of  speech  is  necessary  for  good  writing 

3.88 

4.08 

3.  Learning  the  8  basic  parts  of  speech  is  bcxing. 

3.52 

3.56 

4.  I  can  identify  the  8  basic  parts  of  f  .^eech  in  a  sentence. 

2.44 

3.64 

S.  I  understand  the  concepts  of  each  of  the  8  basic  parts  of  speech. 

2.72 

3.68 

6.  I  can  give  an  example  of  each  of  the  8  basic  parts  of  speech. 

2.36 

3.52 

7.  Learning  the  8  basic  parts  of  speech  is  difficult  for  me. 

2.92 

3.2 

8.  I  look  forward  to  the  grammar  unit(s)  taught  in  my  English  classes  each  year. 

1.84 

2.2 

9.  I  feel  intimidated  by  traditional  grammar  exercises. 

2.68 

2.6 

10.  Grammar  confuses  me. 

3.08 

3.08 

CBntems              Survey  A 

Survey  B 

1 .  The  goals  and  objectives  of  teaching  grammar  can  be  effectively  addresses 
by  using  a  computer  in  the  classroom. 

3.12 

3.72 

2.  I  like  to  use  a  computer. 

3.6 

3.88 

3.  I  like  a  teacher  to  teach  with  a  computer  in  front  of  the  class. 

2.72 

3.52 

4.  Class  is  more  interesting  when  a  computer  is  used. 

3.04 

3.76 

S.  I  learn  better  when  a  computer  is  used. 

2.96 

3.32 

6.  1  learn  more  when  a  computer  is  used  in  the  classroom. 

2.96 

3.2 

7.  I  would  rather  write  on  the  board  than  use  a  computer  in  front  of  the  class. 

2.64 

2.68 

8.  1  would  rather  write  on  an  overhead  projector  than  use  a  ccnnputer  in  front  of  the  class.  2.84 

2.56 

9.  I  am  more  creative  'vhen  I  use  a  computer  versus  using  a  pencil  and  paper. 

3.44 

3.04 

lO.I  wish  more  of  my  teachers  incorporated  computers  into  their  classes. 

3.2 

3.2 
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Conclusion 

When  Resnick  and  Klq)erf  (1989)  report  that, 
**Cognitive  scientists  share  Piaget's  constructivist  view  of 
learning,  asserting  that  people  are  not  recorders  of 
information  but  builders  of  knowledge  structures''  (2-3), 
they  reflect  important  changes  in  learning  theory  and 
teachuig  practice.  Establishing  the  relevance  of  new 
information  has  been  considered  a  motivating  method  for 
some  time,  but  relevance  can  now  be  appreciated  as  an 
integral  part  of  ccxrectly  linking  new  knowledge  to  past 
cognitive  networks  or  schemia.  The  Concept  Attainment 
Model  allows  students  to  make  instruction  about  specific 
concepts  meaningful  even  as  they  model  inductive 
reasoning  and  become  aware  of  alternative  perspectives 
and  their  own  metacognition.  The  HyperCard  program, 
Connections,  complements  the  goals  of  the  model,  for  it 
too  models  an  alternative  approach,  jxeserves  the  induc- 
tive structure  of  the  model  through  preprogramming,  and 
by  its  varied  functions,  encourages  logical  thinking  and 
classification.  Concept  Attainment  and  HypeiCard 
technology  used  together  by  teacher  educators  become 
cognitive  connectors  for  an  efficient,  nontraditional 
method  of  teachmg  and  learning  across  all  curriculums. 
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Th#  "If"  Versus  tlw  "So"  Paradigm 

What  if  a  paraplegic  could  stand  up  in  a  "virtual 
realit/'  and  hug  her  parents  for  the  first  time? 
What  if  a  doctor  could  give  a  check-up  by 
letting  the  patient  travel  through  the  "innerspace"  of  his 
own  body?  The  "If  paradigm— the  "big  idea  . . .  lives 
somewhere  in  the  future.  It  must  be  big  enough  to  capture 
all  of  your  imagination  and  good  enough  to  satiate  you 
completely  if  you  ever  reach  it"  (Laurel,  1990). 

Motivation  is  a  key  factor  in  encouraging  entrance 
into  a  professional  field.  Helping  students  to  construct 
their  own  "If  paradigms— to  see  the  cieaUvity,  ingenuity, 
and  vision  of  technology  in  teaching,  can  motivate  them 
to  incorporate  this  technology  more  seamlessly  into  the 
curriculum.  The  Rand  Corporation*  s  study  of  innovation 
in  schools  found  that  any  innovation  in  schools  will  fail  if 
it  doesn't  take  into  account  the  complex  social  structure 
of  the  schools  and  if  it  doesn't  put  the  teacher  at  the  "dead 
center  of  the  loop'*  (Snyder,  as  cited  in  Olds,  1989). 

Motivation  is  the  problem  in  the  "So"  paradigm.  For 
each  person  that  lifts  up  her  hands  and  asks  "What  if?" 
there  is  another  that  puts  her  hands  on  her  hips  and  asks 
"So?"  It's  not  as  easy  to  drag  the  unwilling  forward  by  his 
feet  as  it  is  to  place  him  in  a  comfortable  armchair  with 
wheels  and  roll  him  along.  The  analogy  being  that  asking 
teachers  to  learn  technology  in  their  "sparc  time"  or 
through  "captive"  in-services  is  not  as  productive  as 
providing  them  willing  assistBi>ts  who  value  their  profes- 
sional expertise. 

Technology  Integration 

Nearly  everyone  agrees  that  teachers  need  to  learn 
more  about  technology  (Becker,  1990;  Higgins,  1991; 
OTA,  1988;  Sheingold.  1991;  Wirthlin  Group,  1992)  and 
nearly  everyone  agrees  that  pre-  service  teachers  need 
greater  technology  skills  (Applefield  &  Earle,  1990; 
Earle,  1992;  Branch,  Darwazeh  &  El-Hindi,  1992). 
Research  indicates  that  pre-service  teachers  do  not  feel 
prepared  to  teach  using  technology  (Fulton,  1989).  Yet 
the  typical  Instructional  Technology  class  places  all 
disciplines  in  the  same  class,  separate  from  subject 
content  classes,  to  learn  technology,  thereby  severing  that 
vital  link  that  integrates  technology  with  subject  matter. 

To  get  an  idea  of  the  needs  of  teachers  in  our  local 
school  district  a  "District  Technology  Survey"  was 
developed  by  Dr.  Tom  Hawk  and  Jim  Bogart  and  admin- 
istered to  all  district  teachers  in  early  May,  1992.  Attest- 
ing to  the  high  level  of  interest  in  technology  integration 
at  such  a  difficult  time  of  the  year,  the  response  rate  was 
80%  with  no  foUowups.  Typical  open-ended  answers 
from  teachers  to  the  question,  "What  training  and  support 
do  you  think  you  will  need  in  the  future  to  help  you  utilize 
technology  more  effectively"  were: 
•  If  it's  new  and  you  want  me  to  use  it,  I  need  hands-on 
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practical  training — inservice,  after  school,  released 
time,  summer. 

•  ru  need  basic,  thorough,  and  frequent  encounters. 

•  Specific  techniques  for  using  courseware  in  the 

•  Training  time  is  the  key.  I  feel  like  I  need  to  take  a 
year's  sabbatical  to  get  caught  up  with  the  computer 
age, 

Jim  Bogart  is  the  only  staff  person  dedicated  to 
technology  training  in  a  district  with  1 1  schools  in  two 
towns.  The  district  created  a  new  Technology  Center  in 
the  Fall  of  1992,  and  Jim  gives  seminars  on  technology 
tc^ics  in  the  center,  where  IBM  Ultimedia  machines  are 
located,  and  also  gives  seminars  in  the  schools. 

U.S.D.  #383  is  considered  in  the  state  to  be  exemplary 
for  its  size.  A  school  in  this  district  was  selected  as  one  of 
four  examples  of  "what  is  right  with  education"  on  the 
McNeil-Lehrer  News  Report  in  1991.  The  district  school 
library  media  program  was  selected  by  the  American 
Association  of  School  Librarians  as  the  best  district 
program  of  its  size  for  1992.  (Some  years  the  award  is  not 
given.) 

While  the  school  district  and  university  have  a  history 
of  collaboration  and  partnership  in  teacher  preparation, 
one  inhibiting  factor  has  kept  pre-service  teacher  educa- 
tion from  using  district  services  in  technology  use.  U.S.D. 
#383  uses  IBM  microcomputers  and  laptops.  The  College 
of  Education  uses  Macintoshes.  The  College  has  a 
networked  undergraduate  Macintosh  laboratory  with  a 
multimedia  instructor  demonstration  station  and  portable 
multimedia  instructor  demonstration  stations.  Currendy, 
five  286  512K  Zeniths  are  being  used  to  teach  basic  PC 
operations  in  the  160-student  teacher  technology  class  for 
the  new  Elementary  Education  program  that  has  a  one 
hour  field  experience  component  in  Math/Science/ 
Technology.  Greater  effcMis  are  needed  to  develop  more 
relevant,  field-based  technology  experiences. 

Two  district-wide  initiatives  involving  master  teachers 
are  in  place:  1)  the  Networking  Project  is  in  it's  second 
year  (13  teachers  were  added  the  first  year  and  13 
teachers  will  be  added  this  year);  and  2)  the  Multimedia 
Project.  In  January,  '93,  district-wide  study  groups  began 
forming  around  such  topics  as  gradebooks,  for  example. 
Each  school  has  an  IBM  Ultimedia  station  and  the  high 
school  has  a  Macintosh  multimedia  station.  While  there 
are  technical  support  people,  having  only  one  staff  person 
to  provide  district  classes  and  instructional  support  makes 
technology  integration  complicated. 

Course  Development 

Teachers  need  technology  assistance  and  pre-service 
teachers  need  clinical  experience  with  a  master  teacher. 
We  decided  to  develop  a  course  that  met  both  needs.  A 
pilot  program  for  pre-  service  teachers  was  developed  for 


this  purpose  for  Spring,  1993,  with  two  components: 

1)  A  teacher  technology  assistant  assignment  is  available 
on  an  independent  study  basis  to  students  who  have 
completed  the  introductory  technology  course, 
Instructional  Media  and  Technology,  and  received  a 
"B"  or  better,  or  who  "quizzed  out"  of  the  computer 
section  of  the  introductory  technology  course  and  need 
an  advanced  project. 

In  order  to  assess  needs  and  make  a  proper  fit  between 
teacher  and  the  technology  assistant,  prospective  students 
must  fiU  out  a  survey  assessing  their  production  skills, 
software  ^plications  experience,  and  subject  area. 
Individual  teachers  meet  with  the  assistants  at  the 
beginning  of  the  semester  and  woik  out  a  technology 
project  for  the  student  to  assist  the  leacher  with,  either  as 
a  culminating  experience  or  as  a  series  of  "teacher  assists" 
in  specific  areas  that  the  teacher  would  like  to  have  help 
in  learning.  Depending  on  the  skills  or  assistance  needed 
by  the  co(^rating  teacher,  the  student  will  be  in  the 
process  of  creating  a  technology  project  early  in  the 
semester.  Students  visit  die  teachers  periodically  until 
their  skills  and  projects  have  been  devel(4)ed. 

2)  Thedi  ision  of  the  undergraduate  technology  course 
into  Elementary  or  Secondary  project  groups  for  the 
purpose  of  working  on  projects  that  are  direcUy  related 
to  district  technology  needs  and  initiatives.  For 
example,  one  project  group  might  study  gradebooks 
for  the  district  gradebook  study  group  and  provide  the 
study  group  with  an  evaluation  or  examples  of  each 
program. 

Each  project  group  must  work  on  a  topic  that  has  been 
joindy  deteraiined  by  Jim  or  I  (Rosemary  Talab)  as  being 
useful  to  practicing  teachers.  Each  group  elects  a  repre- 
sentative and  that  representative  is  resp(xisible  for 
reporting  to  the  teacher  or  study  group  via  e-mail  on  the 
technology  class  group^s  progress,  as  well  as  cxjnsulting 
with  the  proper  person(s)  on  changes  or  needs.  Software 
is  chosen  by  the  group  for  evaluation.  If  one  type  of 
software  is  chosen  for  an  Elementary  group,  such  as  a 
teacher  productivity  package,  then  each  student  develops 
an  activity  for  that  package.  At  the  end  of  the  semester 
each  Elementary  teacher  education  student  has  the  option 
to  purchase  a  notebook  of  all  Elementary  activities 
produced  for  the  class.  Because  there  are  so  few  Second- 
ary students  (30-50  per  semester  out  of  160)  they  may 
choose  activities  and  download  them  from  the  fileserver. 

Teachers  and  study  groups  who  wish  to  participate 
must  also  fill  out  a  survey  assessing  their  needs  and 
expectations.  They  are  then  matched  to  each  other  and 
brought  together  at  the  beginning  of  the  semester  to  meet 
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with  the  teacher  education  students  who  will  be  working 
with  them.  Coordination  for  this  project  is  shared  by  the 
university  instructor  and  the  school  district  technology 
director.  Regular  school  visitations  are  made  by  the 
university  instructor  to  see  how  projects  are  progressing. 
Hie  district  technology  dkector  oversees  teacher  use  and 
troubleshoots  technical  problems. 

Bridging  fh«  Technology  Gap— For  Now 

/*xfter  considering  many  alternatives:  software  to 
emulate  a  PC,  software  that  allows  HypeiCard  scripting 
on  the  PC,  etc.,  the  best  course  of  action  seemed  to  be  to 
use  HyperCard  on  the  Macs  and  LinkWay  on  the  five 
college  PC's  for  any  multimedia  projects.  Jim  Bogart 
generously  allows  us  to  use  the  Ultimedia  machines  at  the 
district  training  center  for  classes,  as  well.  With  such  a 
wide  subject  range  and  the  belief  that  subject  software 
should  be  taught  in  specific  methods  classes,  the  emphasis 
in  this  project  and  participating  classes  is  on  productivity 
software  exploration,  using  Teacher  Toolkit,  desktop 
publishing  programs,  etc.,  which  district  teachers  have 
shown  interest  in  using  or  having  evaluated. 

Evaluation  Plan 

The  state  of  Kansas  has  developed  Quality  Perfor- 
mance Assessment  standards.  All  student  learning  must 
be  evaluated  against  measurable  behavioral  outcomes.  All 
programs  must  incorporate  these  desired  outcomes  into 
course  planning. 

The  desired  outcomes  for  teachers  and  teacher 
assistance  students  and  groups  are: 

1 .  cooperatively  developed  projects 

2.  used  in  a  lesson  or  lessons  with  K- 12  students 

New  Partnerships,  New  Paradigms 

This  project  promises  to  provide  practical  technology 
experiences  for  both  students  and  teachers.  It  does  require 
a  rethinking  of  the  customary  leacher/pre-service  teacher 
role.  The  teacher,  instead  of  feeling  that  he/she  must  be 
the  authority,  must  learn  to  become  the  "guide  on  the 
side"  and  be  comfortable  with  not  knowing  everything 
and  being  a  facilitator  for  the  multimedia  learning/ 
teaching  experience.  With  the  massive  restructuring  and 
redefinition  of  pre-service  education  based  on  more 
clinical  field  experiences  we  believe  that  all  participants 
benefit. 
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Effective  instructional  design  has  long  been  a 
problematic  area  for  both  teacher  candidates  and 
experienced  teachers.  This  is  hardly  surprising 
since  to  design  an  effective  instructional  unit  requires  a 
deep  knowledge  of  the  content  area  and  associated 
pedagogical  content  knowledge,  appropriate  evaluation 
methods,  and  how  students  construct  their  own  under- 
standings of  the  content  area.  These  prerequisites  require 
the  teacher  to  have  much  more  than  a  passing  familiarity 
with  matters  of  instruction,  epistemology,  and  evaluation. 
It  is  little  wonder  that  for  the  methods  instructor  attempt- 
ing to  enable  teacher  candidates  to  design  effective 
instruction  these  problems  often  seem  insurmountable. 

The  past  10-15  years,  however,  have  seen  major 
advances  from  a  cognitive  perspective  that  offer  great 
insight  into  some  of  the  learning  strategies  which  are  used 
by  successful  students.  What  is  particularly  helpful  for  the 
teacher  of  instructional  design  is  that  many  of  these 
strategies  are  easily  implemented  using  technology  -  both 
as  a  means  of  investigating  the  strategy  itself  and  the 
ramifications  it  may  offer,  and  to  design  actual  instruc- 
tional units  which  are  enhanced  through  the  use  of 
technology.  Technology  in  this  situation  serves  not  only 
to  teach  about  the  strategy,  it  becomes  a  medium  through 
which  the  strategy  is  used  by  the  teacher  candidates  to 
develop  their  own  lessons  and  units. 

During  the  1991-1992  academic  year  a  cooperative 
masters  program  was  offered  by  the  University  of  Utah 
with  an  emphasis  ?jpon  technology.  As  a  part  of  this 
program  the  existing  instructional  design  course.  Educa- 
tional Studies  622 — ^Theories  of  Instruction,  was  modified 
by  the  author  to  include  technology  as  a  formal  part  of 
each  class  session.  The  course  began  with  an  introductory 
session  discussing  the  role  a  theory  of  knowledge  plays  in 
designing  instruction  and  introducing  the  cognitive 
constructivist  perspective. 

As  a  part  of  this  course,  a  variety  of  cognitive  strate- 
gies were  modeled  by  the  author — ^including  a  technology 
enhanced  version — in  their  actual  instruction.  For 
example,  chunkuig  would  be  u  ^ed  as  the  primary  instruc- 
tional method  during  the  section  on  the  use  of  chunking, 
an  advanced  organizer  to  teach  advanced  organizers,  and 
so  on.  Following  the  teachers'  experience  with  reading 
about  tiie  strategy  from  the  text,  seeing  the  strategy 
modeled  in  instruction  as  described  above,  developing  a 
use  for  the  strategy  (although  not  always  possible  they 
were  to  develop  this  for  a  unit  they  were  currenUy 
working  on  with  their  students),  as  a  concluding  activity 
ToolBook  was  used  to  create  a  technology  enhanced 
version  of  the  strategy  for  use  with  their  students. 

In  cwnparing  this  version  of  the  course  with  prior 
sections  taught  by  the  author  several  interesting  features 
stand  out  as  being  worthy  of  interest.  First,  the  use  of 
technology  allowed  the  teachers  to  develop  a  much  deeper 
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understanding  of  the  actual  strategy  itself.  Hiis  was 
evidenced  by  an  increased  ability  to  hybridize  the 
strategies  into  new  sppioacbes;  a  better  match  between 
strategy  and  content;  and  more  consideration  of  matching 
the  strategy  to  the  needs  of  students  of  various  abilities 
and  backgrounds,  to  name  only  a  few.  Second,  the 
ToolBooks  created  by  the  teachers  forced  them  to  put  in 
an  external  form  the  result  of  their  internal  thinking. 
These  books  became  objects  for  discussion,  which 
promoted  further  reflection  uponJ^gjigStSity  -  both  as 
strategy  examples  and  as  units.  Tfe  teachers  found  Ihis 
period  of  critical  reflection  to  be  highly  valuable  in 
rethinking  their  original  conceptions  and  design.  Third, 
the  performances  of  the  teachers  on  the  assignments  and 
examinations  comprising  the  course  were  of  higher 
quality  than  had  been  seen  in  any  previous  section.  This  is 
evidenced  by  noting  that  the  lowest  grade  for  any  student 
in  this  section  was  an  A,  which  had  been  unheard  of  in 
any  prior  section. 

A  littto  theory 

For  the  teacher  of  instructional  design,  particularly  if 
this  person  is  technologically  literate,  the  findings  of  the 
past  T5  years  from  cognitive  science  and  artificial 
intelligence  assume  an  additional  level  of  importance. 
Although  these  closely  aligned  fields  of  science  are 
separate  disciplines,  both  fields  clearly  owe  a  great  deal  to 
the  information  proc€;jging  metaphor.  It  is  no  small 
accident  that  many  of  the  cognitive  strategies  identified  in 
the  literature  (West,  Farmer,  &  Wolff,  1991;  Winn,  1991) 
owe  a  great  deal  to  the  initial  thinking  of  Minsky  (1975), 
Davis  (1979),  Sternberg  (1985),  Ortony  and  Radin  (1983), 
and  others.  As  many  of  these  cognitive  strategies  possess 
a  significant  information  processing  history,  together  with 
an  equally  impressive  use  in  artificial  intelligence,  it  is 
interesting  to  note  that  they  are  easily  implemented  using 
technology.  The  use  of  technology  in  designing  instruc- 
tion can  then  be  extremely  beneficial  as  research  supports 
the  notion  that  effective  learning  may  be  enabled  through 
the  very  methods  of  information  storage  and  laanipulation 
strategies  information  technology  does  so  well. 

A  brief  history 

Over  the  past  three  years  this  author  has  had  experi- 
ence in  using  technology  in  two  fashions  in  the  course  of 
teaching  Elducational  Studies  622  -  Theories  of  Instruc- 
tion, a  graduate  level  course  in  instructional  design.  The 
initial  use  of  technology  was  almost  serendipitous.  In  the 
course  of  preparing  for  the  first  offering  of  the  course  by 
the  author  a  great  deal  of  material  surrounding  each  of  the 
cognitive  strategies  covered  in  one  of  the  texts  for  the 
class  Instructional  design:  Implications  from  cognitive 
science  (West,  et.  al.,  1991)  was  gathered.  A  ToolBook 
program  was  created  with  chapters  for  each  strategy  as  a 


means  of  organizing  this  information  for  later  classroom 
use.  This  project  was  originally  designed  for  personal  use 
by  the  instructor  and  as  an  organizational  tool  only. 

During  office  hours  many  students  in  that  first  quarter 
had  the  opportunity  to  observe  the  rapid  recall  of  informa- 
tion enabled  by  the  ToolBook  i^-ogram  itself.  One  of  the 
doctoral  students  made  explicit  what  would  be  a  recurring 
theme  from  many  of  them,  "You  really  are  just  using  a 
frame  of  type  one  (one  of  the  cognitive  strategies  from  the 
text),  aren't  you?  From  the  text,  I  never  realized  just  what 
this  would  look  like.**  The  author  soon  realized  that  by 
using  the  technology  to  embody  the  strategies  being 
taught  students  could  gain  a  deep  insight  into  the  inner 
working  of  the  strategies  and  better  understand  how  they 
would  look  and  feel  to  a  learner.  Using  Toolbook  also 
gave  students  the  opportunity  to  more  efficiently  use  them 
in  their  own  designs. 

The  ToolBook's  created  over  the  next  two  years 
evolved  and  changed  from  that  early  information  manage- 
ment system  to  a  series  of  eight  separate  (due  to  the  huge 
amounts  of  memory  each  was  gobbling  up  with  scanned 
images,  examples,  etc.)  lessons.  The  first  uses  were  fairly 
simplistic  and,  frankly,  decisions  were  made  on  the  basis 
of  time  availability  as  opposed  to  pedagogy.  Those  early 
lessons  were  used  by  the  author  as  a  demonstration  and 
presentation  medium  to  illustrate  a  wide  variety  of 
cognitive  strategies  and  their  implications.  They  provided 
instantiations  which  went  beyond  the  static  illustrations  in 
the  text  With  a  portable  computer  and  a  color  LCD  plate 
in  hand,  the  author  began  to  take  the  show  on  the  road. 

Such  a  use,  as  primitive  as  it  was,  began  having  a 
powerful  impact  in  the  classroom  and  in  the  enthusiasm 
of  the  students.  Although  much  of  those  early  presenta- 
tions has  been  discarded,  they  still  form  an  important  part 
of  the  course.  The  difference  between  a  student  who  has 
seen  a  demonstration  of  a  frame  becoming  dynamically 
instantiated  with  background  information,  who  has 
constructed  logical  links  between  row  and  column 
headings  or  from  cell  to  cell,  and  the  student  who  has 
merely  reaa  a  text  and  viewed  a  chart  must  be  seen  to  be 
appreciated.  For  the  first  student,  the  strategy  is  a  dy- 
namic, powerful  tool  to  be  used  and  adapted  for  their  own 
work;  for  the  second  student,  the  strategy  is  just  another 
tc^ic  to  file  away  in  the  read,  recall,  reject  cycle  which  we 
see  far  too  often  in  academia. 

The  second  level  of  use,  the  design  of  actual  instruc- 
tional units  which  are  enhanced  through  the  use  of 
technology  by  the  students,  is  a  more  recent  development. 
During  the  1991-1992  academic  year  a  cooperative 
masters  program  was  offered  by  the  University  of  Utah 
wilh  an  emphasis  upon  technology.  Based  upon  the 
preliminary  success  using  the  earlier  presentations  the 
instructional  design  course  was  mof*"led  for  this  cohort  to 
include  exercises  using  technology  to  construct  a  working 
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computer  enhanced  lesson  incoqwrating  the  strategy  of 
the  week  as  a  formal  part  of  each  class  session. 

Students  were  quickly  laying  out  frames  of  various 
types,  setting  ap  concept  maps  using  a  wide  variety  of 
support  programs,  creating  visual  images  representing 
complex  phenomena,  and  so  on.  It  was  quickly  found  that 
technology  in  this  situation  served  not  only  to  enable  the 
student  to  learn  more  about  the  strategy,  but  rapidly 
became  a  medium  through  which  the  strategy  was  used  by 
the  teacher  candidates  to  develop  their  own  lessons  and 
units. 

The  experiences  of  the  author  over  the  past  three  years 
have  been  varied,  but  several  main  themes  about  the  use 
of  technology  emerge.  Beyond  question,  the  use  of 
technology  -  regardless  of  the  level  of  sophistication  of 
the  program  -  allowed  the  teachers  to  develop  a  deep 
understanding  of  the  actual  strategies  themselves.  This 
understanding  allowed  the  students  to  better  use  these 
learning  strategies  in  the  larger  problem  of  designing 
instruction.  Student  perceptions  of  the  strategies  moved 
from  being  static  and  text  based  to  more  dynamic  and 
student  centered.  These  growths  are  evidenced  by  a  wide 
variety  of  measures.  Student  ability  to  hybridize  the 
strategies  into  new  approaches  -  combining  advance 
organizers  and  concept  mapping,  for  example  -  has 
increased  consistently  over  the  three  year  period.  Like- 
wise, there  is  a  better  match  between  selection  of  strategy 
and  content  for  application;  and  more  consideration  of 
matching  the  strategy  to  the  needs  of  students  of  various 
abilities  and  backgrounds,  to  name  only  a  few. 

Secondly,  the  ToolBooks  aeated  by  the  teachers 
forced  them  to  put  m  an  external  form  the  result  of  their 
internal  thinking  and  planning.  It  was  not  possible  to 
shrug  off  the  whys  and  hows  which  underlay  their 
selections  and  decisions.  All  of  these  were  observable  to 
all  and  could  easily  be  pomted  out  for  discussion.  These 
books  became  the  objects  for  discussion  in  and  of 
themselves.  This  further  promoted  student  reflection  upon 
their  utility  -  both  as  examples  of  the  strategy  as  it  would 
actually  be  observed  in  the  classroom  and  as  units.  The 
teachers  found  this  period  of  critical  reflection  to  be 
highly  valuable  m  rethinking  their  original  conceptions 
and  design.  Although  the  students  typically  complam 
initially  about  the  requirement  to  learn  an  authoring 
system  at  the  same  time  as  designing  instruction  using  a 
new  approach  and  philosophy,  by  the  end  of  each  quarter, 
to  this  point  at  least,  there  has  been  unanimous  agreement 
that  the  effort  has  been  worthwhile.  A  better  solution, 
although  one  which  is  not  feasible  except  in  rare  in- 
stances, is  to  position  this  course  such  that  students  enter 
it  having  had  experience  in  either  the  authoring  system  of 
choice,  the  cognitive  strategies  and  their  use  in  instruc- 
tional design,  or  both. 


An  exampla 

To  see  what  this  approach  might  look  like  in  the 
classroom,  we  will  look  at  an  example  from  the  course 
described  above  -  the  use  of  concept  mapping  as  an 
instructional  design  tool.  This  example  is  taken  from  the 
working  paper  External  representations  of  internal 
structures:  Educational  implications  of  concept  mapping 
by  Hamisch,  Connell,  and  Zheng. 

In  order  to  discuss  the  relationship  between  concept 
maps  and  the  content  structure,  we  need  to  look  briefly  at 
the  basic  structures  of  knowledge.  Knowledge  can  be 
categorized  into  three  types:  declarative,  conditional,  and 
procedural.  To  put  it  into  simple  terms,  declarative 
knowledge  corresponds  to  "knowmg  that";  conditional 
knowledge  corresponds  to  "knowing  when**;  and  proce- 
dural knowledge  corresponds  to  "knowing  how**.  There- 
fore, when  the  niaterial  to  be  mapped  is  declarative  in 
nature,  either  spider  nfiaps  or  hierarchical  maps  may  be 
used.  If  the  knowledge  is  procedural,  the  relationship  will 
be  either  timing,  causal  or  enabling  and  thus  chain  maps 
should  be  used  (West  et  al.,  1991).  However,  we  have  to 
remember  that  these  are  general  suggestions  and  that  we 
have  to  choose  appropriate  types  of  maps  taking  into 
consideration  the  material  to  be  mapped  and  the  specific 
context.  For  example,  sequence  of  time  may  represent 
declarative  knowledge  in  the  case,  say,  of  chronicle 
events;  it  may  also  represent  procedural  knowledge  such 
as  a  series  of  steps  that  have  to  be  followed  in  completing 
a  task.  Therefore,  a  particular  type  of  map  is  not  necessar- 
ily reserved  for  a  certain  type  of  knowledge.  As  the 
knowledge  base  consists  of  combination  of  different  types 
of  knowledge,  it  is  not  surprising  that  many  of  the  concept 
maps  we  see  are  hybrids  of  different  kinds  of  maps. 
Nevertheless,  these  thiee  are  the  comnon  types  and  they 
usually  fcKm  the  cornerstone  of  more  complicated  concept 
maps. 

Creating  Concept  Maps 

Before  we  introduce  the  general  guidelines,  we  have 
to  point  out  that  these  are  some  "rules  of  thumb**  and 
suggestions  which  are  not  meant  to  be  followed  rigidly.  In 
working  with  your  own  students  you  will  need  to  be 
sensitive  to  their  individual  strengths  and  difficulties. 

Reflect  on  materials  and  instructional  objectives.  We 
mentioned  earlier  the  advantage  of  using  concept  maps — 
it  is  easier  for  the  learner  to  grasp  major  concepts  and 
their  relationships,  and  that  the  disadvantage  is  the  loss  of 
details.  Therefore,  if  the  objective  is  the  mastery  of 
details,  concept  mapping  may  not  be  a  wise  choice.  Prior 
to  constructing  a  map  of  a  subject  area,  one  should  take 
into  consideration  such  variables  as  subject  matter  content 
and  task  outcomes. 
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"Chunk"  or  organize  the  material  to  be  mapped  The 
user  has  to  carefully  organize  materials  based  on  the 
reflection  of  the  internal  structures  of  materials  to  be 
mapped.  A  visual  representation  of  this  might  involve  a 
two-dimensional  framework  for  organizing  concepts  that 
vary  by  teacher  emphasis  and  student's  ability  to  under- 
stand. Hie  result  of  such  a  display  might  be  something 
like  a  visual  display  of  teacher  generated  important 
concepts  in  math  on  dimensions  of  emphasis  given  and 
student's  ease  in  understanding. 

Isolate  concepts  and  determine  relationships  between 
or  among^  concepts.  This  is  usually  a  step  of  trial  and 
error.  The  user  can  write  concepts  on  cards  or  on  anything 
that  can  be  easily  moved  around. 

Choose  appropriate  type  or  types  of  maps.  This 
decision  is  usually  based  upon  a  careful  consideration  of 
the  material  to  be  maH)ed,  and  the  relationship  between 
or  among  the  concepts  which  have  been  identified  as 
comprising  the  key  nodes  of  the  completed  map. 

Link  the  concepts  based  on  the  relationships.  Comput- 
ers can  be  used  to  di  aw  the  concept  maps  based  on  the 
relationships  for  the  concepts  which  the  user  must 
specify.  Application  software  is  available  for  assisting 
users  in  mapping  subject  matter  content  on  the  Macintosh. 
We  use  the  Learning  Tool  (developed  by  Robert  Kozma, 
&  John  Van  Roekel,  University  of  Michigan)  which 
allows  the  user  to  specify  the  concept  (with  definition 
cards)  and  interconnected  relationships  among  the 
concepts  with  j^epositional  phrases  printed.  These 
application  materials  are  valuable  to  students  as  they 
document  the  connections  among  the  key  concepts  for 
their  respective  courses.  These  materials  are  referred  to  as 
an  "electronic  notebook."  They  help  the  students  organize 
their  notes  and  study  for  exams.  Using  these  tools  allows 
the  student  to  build  on  their  strengths  and  identify  the 
gaps  that  all  of  us  have  in  learning. 

Concept  Mapping  Sunvnory 

In  sununary,  research  studies  have  indicated  that  the 
concept-mapping  procedure  is  a  useftil  alternative  in 
designing,  implementing,  and  evaluating  classroom 
instruction.  It  stimulates  meaningful  learning  and  helps 
students  internalize  specific  concepts  and  integrate  them 
into  their  knowledge  structure.  Theoretically  this  is  a 
preferable  teaching  mode.  The  results  of  a  systematic  set 
of  research  invCvStigations  support  this  approach.  There- 
fore, we  feel  that  classroom  teachers  should  be  encour- 
aged to  become  familiar  with  and  experiment  with  this 
powerful  visualization  tool  for  professional  practice. 


Summoiy 

Despite  the  strange  trail  followed  by  the  author,  the 
use  of  technology  as  a  tool  for  teacher  use  in  designing 
effective  instruction  should  not  be  confused  with  the  use 
of  technology  to  deliver  instruction.  In  addition  to  being 
more  satisfying  to  teach,  the  courses  which  featured  a 
student  centered  construction  of  meaning  were  much 
more  successful. 

Winn  (1991)  points  out  that  taking  a  student  centered 
approach  to  instruction  as  advocated  here  requires  the 
ongoing  teacher  monitoring  of  student  progress  across  a 
wide  variety  of  outcomes  and  subsequent  modification  of 
insuiiction  **on  the  fly"  as  it  were.  The  author  has  found 
that  it  is  very  helpful  to  have  mapped  out  three  or  four 
possible  passes  through  the  domain  in  advance,  and  then 
select  the  path  which  is  right  for  this  particular  group  of 
students  at  this  particular  time.  Thus,  the  design  of  the 
instruction  itself  needs  to  be  fluid  and  allow  for  multiple 
possibilities.  Clearly,  when  viewed  in  this  perspective, 
technology  in  instructional  design  will  not  replace  the 
teacher,  but  rather  reinforce  the  central  role  played  by 
teachers  in  selecting,  guiding,  and  designing  meaningful 
experiences  for  their  students  (Sato,  1991). 
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Teachers,  technology, 
transitions:  Lessons  from 
ten  years  of  history 

Priscilla  Norton 
University  of  New  Mexico 


The  University  and  local  school  district  in  Albu 
querque,  New  Mexico  began  coUaborating  in 
1982  to  facilitate  teacher  education  that  supports 
the  integration  of  technology  in  the  educational  process. 
Moving  from  site-based  pfograms  to  University-based 
programs,  efforts  have  under  gone  many  permutations. 
This  paper  describes  these  transitions  and  identifies 
lessons  useful  for  guiding  effective  teacher  education. 
Lessons  center  on  the  general  theme  of  change  supporting 
the  notion  that  teacher  education  about  technology  is  of 
necessity  an  educational  process  for  and  about  change. 

Historians  tell  us  Gutenberg  invented  the  printing 
press  in  1452.  They  do  not  tell  us,  however,  that 
Gutenberg  had  any  sense  that  his  invention  was  to  bring 
about  "the  most  radical  transformation  in  the  conditions 
of  intellectual  life  in  the  history  of  Western  Civilization  ... 
[whose]  effects  were  sooner  or  later  felt  in  every  depart- 
ment of  human  activity"  (Eisenstein,  1979:321).  With  the 
advent  of  the  printing  press,  editors  and  printers  were 
compelled  to  standardize  texts,  reordering  their  parts, 
dividmg  them  into  coherent  sections,  and  indexing 
citations.  This  process  made  the  ancient  texts  accessible, 
stylistically  intelligible,  internally  consistent,  and  easily 
reproducible.  Which  is  to  say,  knowledge  was  reinvented. 
This  led,  over  tune,  to  habits  of  knowing  that  James  Joyce 
mockingly  called  ABCED-mindedness,  meaning  a 
structure  of  consciousness  that  closely  parallels  the 
structure  of  type.  For  the  next  five  hundred  years,  this 
structure  of  consciousness  has  shaped  how  we  know  and, 
as  a  consequence,  what  we  know.  The  format  of  books 
made  possible  by  the  printing  press  changed  Western 
civilization  from  a  scribal  culture  to  a  print  culture. 
Educational  practices  changed  as  a  consequence,  placmg 
processes  for  using  the  technology  of  the  book  within  its 
stnKture. 

Historians  have  not  definitively  assigned  the  invention 
of  computers  to  a  particular  individual.  Neither  have  they 
affixed  a  date  to  its  invention.  Yet,  someday,  someone 
will  write  with  authority:  In  the  second  half  of  the  20th 
century,  a  disparate  collection  of  scientists,  mathemati- 
cians, and  engineers  brought  together  a  cluster  of  con- 
cepts and  instantiated  them  in  silicon  and  plastic.  A  group 
of  enterprising  entrepreneurs  made  this  invention  readily 
accessible,  changing  a  print  culture  into  a  computational 
culture. 

Change  is  once  again  upon  us.  To  say  that  American 
society  is  moving  from  an  industrial  to  an  information 
society  or  to  chronicle  speculations  about  the  nature  of 
such  a  society  would  be  tautologous.  In  fact,  to  refer  to 
contemporary  American  society  as  an  "information 
society"  has  become  a  clich6  obscuring  much  of  its 
significance  as  a  consequence.  Nevertheless,  few  would 
deny  that  as  the  traditional  configurations  of  society  alter 
their  form,  all  social  institutions  are  being  profoundly 
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affected — education  as  deeply  as  others. 

In  1970,  Alvin  Toffler  wrote  that  technology  is  the 
engine  of  change,  stating  "  this  is  not  to  say  that  technol- 
ogy is  the  only  source  of  change  in  society  ...  Yet  technol- 
ogy is  indisputably  a  major  force  behind  the  accelerative 
thrust,  (p.  25)"  He  further  wrote,  "technological  innova- 
tion consists  of  three  stages,  linked  together  into  a  self- 
reinfwcing  cycle.  First,  there  is  the  creative,  feasible  idea. 
Second,  its  practical  application.  Third,  its  diffusion 
through  society  (p.  27)."  Teacher  education  about 
teciinology  is,  thus,  about  change  -  about  the  ideas,  the 
applications,  and  the  diffusion  of  technology,  the  engine 
of  change. 

Today's  technology  creates  a  context  of  change. 
Within  this  context,  teacher  education  frameworks 
designed  to  support  an  established  system  must  give  way 
to  teacher  education  frameworks  which  teach  about 
change  -  about  its  existence,  its  implications,  and  about 
how  one  participates  in  the  change  process.  £>esigning  an 
educational  response  to  technology  through  appropriate 
teacher  education  is  to  plot  a  course  toward  change. 
Lessons  from  a  brief  history  of  teacher  education  related 
to  introducing  and  promoting  technology  in  schools 
suggest  that  teacher  education  for  change  must  consider 
each  student's  predisposition  to  change  and  view  re- 
sponses to  technology  as  part  of  a  change  process  not  a 
set  of  outcomes. 

A  Foray  Into  History 

Phase  1  (1982  - 1985):  In  1982,  the  voters  of  Albu- 
querque passed  a  bond  providing  Albuquerque  Schools 
with  five  million  dollars  to  place  computers  in  all  its 
schools  and  train  its  teachers.  Drawing  on  a  long  tradition 
of  collaboration,  the  school  district  and  faculty  combined 
resources.  University  faculty  (UNM)  and  funded  com- 
puter education  resource  teachers  (CERT)  collaborated  in 
the  design  of  a  four  semester-hour  module  offered  at 
designated  sites  and  times  throughout  the  district. 

Completion  of  the  module  was  theoretically  voluntary, 
'owever,  the  district  mandated  that  all  students  were  to 
receive  computer  instruction,  and  teachers  were  not 
allowed  to  teach  with  computers  until  they  had  completed 
the  coursework.  Bond  money  supported  instruction  while 
UNM  faculty  provided  the  opportunity  to  obtain  univer- 
sity credit.  For  those  wanting  graduate  credit,  faculty 
supervised  additional  assignments.  UNM  created  and 
filled  a  tenure-line  faculty  position  in  technology  to 
support  district  efforts. 

At  the  conclusion  of  Phase  1,  75%  of  all  secondary 
and  95%  of  all  elementary  teachers  had  completed  the 
four  semester  hour  module  which  focused  on  computer 
literacy.  Lip  service  was  given  to  curriculum  integration 
although  mastering  the  mechanics  of  computers  assumed 
ascendancy.  Completion  of  this  phase  did  not,  however. 


result  in  widespread  computer  use.  Many  of  those 
completing  the  course  expressed  continued  anxiety  and 
little  insight  into  its  educational  implications.  Pockets  of 
innovative  users  did  occur  with  teacher  leaders  emerging 
to  take  building  level  responsibilities  at  some  sites.  Sonoe 
schools  designated  teachers  to  take  over  computer 
instruction  relieving  others  of  the  responsibility. 

Phase  2  (1985  - 1987):  As  the  initial  funding  drew  to 
a  close,  UNM  faculty  interested  in  technology  assumed 
responsibility  for  teacher  education.  This  took  the  form  of 
designing  graduate  coursewiKk  on  a  variety  of  topics, 
continuing  support  of  on-site  classes  throughout  the 
district  but  in  a  diminished  number,  an  effort  to  educate 
faculty  in  the  hopes  that  computer  education  might 
become  integrated  into  ongoing  courses,  and  a  plethora  of 
on-site  workshops  as  well  as  guest  appearances  in  UNM 
courses. 

This  phase  was  perhaps  the  most  dissatisfying  one, 
beset  by  frustrations  and  disappointments.  In  preservice 
programs,  the  study  of  techiK)logy  became  almost  an 
afterthought.  While  faculty  gave  conceptual  importance  to 
the  role  of  technology,  they  made  little  if  any  effort  to 
integrate  its  use  into  preservice  coursework.  Faculty 
interested  in  technology  were  asked  to  make  guest 
appearances  leaving  many  of  us  feeling  that  students  were 
left  with  the  impression  that  technology  was  scHnething 
coming  but  not  cunently  relevant.  For  potential  leaders  in 
the  schools,  graduate  coursework  was  offered  but  was  not 
part  of  an  organized  fwogram  for  future  technology 
leaders.  It  was  hidden  within  the  frame  of  established 
programs.  On-site  workshops,  while  relevant,  were  short 
and  there  was  no  frame  for  follow  up.  It  became  increas- 
ingly difficult  to  sustain  enthusiasm. 

Phase  3  (1987  - 1991);  To  overcome  the  hiatus  of 
Phase  2,  UNM  faculty  implemented  three  courses  of 
action.  The  first  was  spumed  by  a  district  decision.  The 
district  implemented  a  policy  whereby  all  new  hires  must 
either  have  completed  a  course  in  cc»nputer  education  or 
sign  a  waiver  that  they  would  do  so  during  their  first  year 
of  employment.  This  provided  the  backdrop  for  designing 
and  requiring  a  three  semester  hour  course  specifically  for 
preservice  teachers.  CJeneral  faculty  consent  to  this 
requirement  was  bounded  more  in  resignation  than 
enthusiasm.  Yet,  for  those  interested  in  promoting  the  use 
of  technology  within  the  curriculum,  it  at  least  provided  a 
forum  for  teacher  education  beyond  the  short  guest 
appearances  of  Phase  2. 

The  second  effort  attempted  to  bring  together  those 
faculty  interested  in  technology  through  the  development 
of  an  interdepartmental  graduate  program.  University 
structures  impeded  this  effort  leaving  interested  faculty 
unable  to  answer  questions  of  administration,  admissions, 
and  degree  granting  responsibilities  No  such  program  was 
ever  implemented. 
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.  The  third  effort  was  the  writing  of  a  proposal  for  a 
corporate  grant  of  equipment.  The  grant  described  a 
theoretical  frame  and  a  research  agenda  for  the  education 
of  preservice  teachers  in  the  use  and  implementation  of 
computers  m  education.  However,  since  the  grant  was 
submitted  by  Committee,  the  structure  of  department 
politics  prohibited  the  emergence  of  a  principal  investiga- 
tor. A  cumbersome  number  of  meetings  resulted  in  little 
more  than  a  demand  for  more  planning.  When  the  perfect 
**plan*'  that  met  all  agendas  never  emerged,  the  theoretical 
framework  and  the  research  agenda  were  never  realized. 
Individual  faculty  did,  however,  make  productive  use  of 
the  available  technology. 

Lessons  from  History 

Although  each  of  the  participants  in  this  history  might 
take  a  multiplicity  of  lessons  from  it,  I  would  like  to 
describe  several  lessons  which  guide  the  fourth  phase  on 
which  we  aie  now  embarking. 

About  the  Players 

Teacher  educators  teaching  for  and  about  change  must 
recognize  that  their  primary  preoccupation  is  to  foster 
what  Thomas  Kuhn  (1970)  calls  a  paradigm  shift  -  a 
gestalt  shift  in  perception.  A  paradigm,  he  asserts,  is  a  set 
of  often  unarticulated  assumptions,  beliefs,  and  values 
about  the  way  the  world  works  and  a  concomitant  set  of 
problem-solving  exemplars.  These  exemplars  are  the 
tools,  conceptual  or  actual,  which  a  community  of 
thinkers  brings  to  bear  on  the  solution  of  a  problem. 
Teachers,  perhaps  more  than  any  other  professional 
group,  enter  teaching  with  an  image  of  what  teaching  is— 
a  paradigm.  Teaching  teachers  about  technology  demands 
that  their  fundamental  ideas  about  teaching  undergo 
change — ^a  paradigm  shift. 

There  are  no  clear  strategies  for  promoting  such  shifts, 
but  a  few  guides  may  be  found  in  the  literature  on  adult 
(Sheehy,  1976;  Levinson,  1979)  and  teacher  (Katz,  1972) 
development  Most  preservice  teachers  fall  into  two 
categories  -  the  younger  student  entering  their  first  career 
and  the  older,  career  shifting  student.  The  literature,  for 
instance,  characterizes  both  these  groups  as  primarily 
preoccupied  with  entrance  into  an  established  profession. 
In  short,  they  are  not  candidates  for  professional  change. 
Graduate  students,  on  the  other  hand,  are  likely  to  have 
reasserted  their  commitment  to  being  teachers  but 
dissatisfied  with  the  status  quo,  desirous  of  contributing  to 
their  profession.  They  recognize  the  need  for  change  and 
seek  knowledge  to  equip  them  to  respond  to  change. 

Teacher  education  for  change,  then,  must  beware  of 
seeing  all  teacher  needs  as  the  same.  Wholesale  teacher 
education  efforts  like  those  described  in  Phase  1  are  not 
likely  to  achieve  their  goals.  The  newer  teacher  and  the 
preservice  teacher  will  take  new  knowledge  and  reshape  it 


to  fit  their  existmg  paradigm.  Others  wUl  reject  new 
knowledge.  A  few  will  respond  with  enthusiasm  and  join 
a  small  corps  of  mnovators.  Workshops  and  guest  lectures 
as  described  in  Phase  2  are  equally  likely  to  fail.  A 
paradigm  shift  necessitates  a  radical  shift  in  perception. 
Short,  isolated  presentations  do  not  precipitate  the  kinds 
of  anomalies  and  crises  in  practice  that  result  in  chal- 
lenges to  long  held  systems  of  belief. 

Teacher  educators  must  shape  their  courses  to  respond 
to  the  needs  of  their  audience.  Thus,  at  UNM,  the  required 
preservice  course  does  not  teach  about  technology  as  a 
revolutionary  force.  Rather,  we  have  placed  our  primary 
emphasis  on  how  technology  can  suf^rt  educational 
goals  using  the  curriculum  integration  model.  We  no 
longer  view  the  course  as  a  mission  to  promote  change 
but  as  a  mechanism  to  engage  perspective  teachers  with 
technology  in  a  way  that  leads  them  to  explore  it  when 
they  enter  schools.  We  concentrate  on  modeling  how 
technology  might  be  used,  asking  students  to  reflect  on 
their  experiences  and  draw  lessons  for  their  own  practice. 
We  know  we  aie  succeeding.  Teachers  m  local  schools 
involved  with  technology  tell  us  that  it  is  these  new 
teachers  who  are  the  ones  asking  to  have  access  to 
technology  and  for  help  in  designing  lessons.  At  UNM, 
we  have  learned  to  see  these  on-site  innovators  as  allies 
and  colleagues.  They  are  among  the  most  important 
agents  of  change.  We  have  worked  to  build  bridges  with 
them,  find  ways  to  support  their  efforts,  and  shape 
graduate  programs  that  meet  their  needs. 

These  innovators  and  similar  graduate  students  seek 
change.  They  are  more  likely  to  have  a  set  of  experiences 
and  challenges  through  which  to  view  the  potentials  of 
technology.  For  this  group,  the  challenge  is  not  to  create 
an  environment  for  change  but  to  find  ways  to  assist  the 
change  process.  The  problem  here  is  that  a  clear  image  of 
the  implications  of  technology  is  not  available.  As  the 
society  as  a  whole  wrestles  with  finding  responses  to 
technology,  the  design  of  an  educational  response  must  be 
a  process  rather  than  an  outcome.  Thus,  we  are  designing 
graduate  programs  which  emphasize  theoretical  studies  of 
technology  including  the  relationship  of  technology  to 
change,  to  society,  to  cognitive  processes,  to  discourse 
forms.  We  are  attempting  to  design  courses  which  do  not 
teach  answers  but  develop  collaborative  models  for 
designing  practices  and  promoting  change.  These  courses 
attempt  to  promote  environments  which  foster  faculty/ 
student  collaboration  and  exploration,  modeling  change 
processes  and  possibilities  as  opposed  to  prescribing 
contents  and  practices.  Such  programs  require  sustained 
structures  which  are  not  diluted  by  the  agendas  of 
broader,  existing  graduate  programs.  And  once  these 
students  finish  their  studies,  we  have  found  that  we  must 
retain  contacts  with  them.  As  their  paradigms  shift,  they 
are  at  risk  of  a  sense  of  isolation  from  their  other  col- 
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leagues.  We  ask  them  to  teach  courses  for  us,  to  partici- 
pate in  our  courses,  and  lo  join  us  in  collaborative 
research  and  curriculum  development  projects. 

All  that  pertains  to  students,  also  pertains  to  faculty. 
University  faculty  can  be  integral  to  the  change  process, 
promoting  altitudes,  knowledge,  and  the  ability  of 
teachers  to  integrate  technology  into  the  educational 
process.  Yet,  all  faculty  involved  in  teacher  education  are 
not  ready  or  willing  to  integrate  technology  or  teach  for 
change.  The  faculty  bring  a  diverse  background  of 
scholarly  activity.  Any  faculty  is  plagued  by  a  set  of 
ccHnpeting  agendas  which  reflect  the  competing  agendas 
of  the  society  as  a  whole — restructuring,  cultural  diver- 
sity, literacy,  bilingualism,  and  releaming.  These  compet- 
ing agendas  lead  to  conceptual  endorsements  while 
simultaneously  creating  "progranunatic"  and  **unplemen- 
tation"  roadblocks  in  respect  to  technology.  One  lesson 
that  can  be  gleaned  is  that  all  faculty  will  not  nor  do  they 
need  to  be  part  of  efforts  to  promote  technology  r^nd 
teacher  education.  Forcing  faculty  not  ready  to  teach 
about  change  leads  only  to  tokenism,  that  is,  providing 
forums  for  students  to  have  only  brief  encounters  with 
technology  that  lead  to  anxiety  rather  than  insight.  Instead 
of  asking  all  faculty  to  enter  into  technology,  faculty 
interested  in  technology  must  find  each  other,  form 
collaborations,  and  find  intersections  with  others  as  time 
and  need  allows.  They  must  become  agents  of  change,  not 
revolutionaries  chasing  windmills. 

About  the  Process 

For  Hegel  (1956)  and  Marx  (1906),  change  is  best 
understood  as  a  dialectic  -  a  dance  between  thesis, 
antithesis,  and  synthesis.  For  both,  the  thesis  is  what 
exists,  but  what  exists  has  inherent  within  it  its  own 
negation  -  a  set  of  internal  contraditions  (the  antithesis). 
Any  system  framed  by  the  thesis  will  attempt  to  cope  with 
its  contradictions  by  creating  a  new  synthesis  which  then 
becomes  the  next  thesis.  For  Hegel,  the  dance  of  the 
dialectic  is  defined  by  ideas.  Thus,  change  is  best  under- 
stood by  studying  how  each  idea  shaping  the  affairs  of 
man  finds  its  internal  contradictions  and  gives  way  to  the 
next  guiding  idea.  For  Marx,  on  the  other  hand,  the  dance 
of  the  dialectic  is  better  understood  by  the  relations  of 
man  to  his  environment,  the  means  of  production.  As  the 
institutional  structures  built  upon  that  environment  find 
their  negation,  new  means  of  production  arise  to  define 
new  institutional  structures. 

For  this  author,  neither  Hegel  nor  Marx  have  captured 
the  essential  dialectic  for  it  is  the  dialectic  not  of  ideas  or 
of  environments  that  shape  human  affairs.  It  is  the 
dialectic  between  our  ideas  and  our  experiences  that 
create  new  systems.  Even  the  best  idea  will  find  contra- 
dictions in  experience,  and  every  experience  shapes  our 
ideas.  There  will  always  be  unintended  consequences  for 


well  intentioned  acts  just  as  there  will  always  be  unin- 
tended consequences  inherent  in  the  best  shaped  ideas. 

Hegel  believed  he  had  found  the  end  of  history  in  the 
perfect  idea  of  democracy,  and  Marx  believed  he  had 
found  the  end  of  history  in  communism.  So  far,  neither 
vision  of  the  end  of  history  is  upon  us.  For  me,  believing 
in  the  need  to  create  a  "plan**  is  as  fiitile  as  believing  in 
the  end  of  history.  Voters  who  passed  a  bond  issue  to 
bring  technology  to  schools  supported  a  plan  of  action 
that  turned  out  to  be  a  beginning  not  an  end.  Faculty  who 
insisted  on  a  plan  before  implementing  an  idea  cieated  an 
enviromnent  of  no  action. 

Phase  4:  Moving  toward  the  Future,  As  teacher 
educators  at  UNM,  we  are  currently  moving  not  toward  a 
plan  but  a  process.  This  movement  is  taking  the  fonn  of 
an  interdisciplinary  group  of  interested  teacher  educators 
who  have  come  to  realize  that  the  institutional  require- 
ments of  the  university  departmental  structure  can  not  be 
bent  to  suppcMt  an  interdepartmental  program.  Thus,  we 
have  requested  reassignments  to  a  semi-autonomous 
subset  of  one  department.  Our  impulse  has  shifted  from 
creating  a  revolution  to  developing  a  process  that  pro- 
motes a  context  for  change.  We  have  challenged  our- 
selves to  pursue  research,  collaboration,  and  coursework 
design  in  support  of  a  process  of  investigation  rather  than 
an  agreed  upon  agenda. 

As  a  group,  we  have  profited  from  a  recognition  that 
teacher  education  practices  must  be  geared  not  only  to  the 
process  of  change  but  to  the  develc^mental  readiness  for 
change  of  our  students.  The  required  preservice  course  is 
under  constant  revision.  We  meet  regularly  as  a  group  to 
reassess  and  restructure  the  course.  Each  of  us  teaches  a 
section  using  the  same  syllabus  even  though  it  may  not  be 
at  the  top  of  our  individual  agendas.  In  this  way,  we 
remain  steeped  in  the  realities  of  preservice  education. 
We  have  created  a  graduate  program  in  technology  that 
will  hopefully  be  in  place  by  the  Fall  of  1993.  The 
program  of  study  is  built  around  a  cluster  of  courses 
designed  to  address  leadership  and  mentorship  within 
schools,  theoretical  frameworks,  the  forms  used  by 
technology  to  structure  information,  and  applications  to 
particular  disciplinary  and  transdisciplinary  practices.  In 
addition,  we  plan  to  structure  as  many  of  these  programs 
as  possible  around  cohort  groups  that  might  continue  to 
support  each  other  after  completion  of  the  program. 

We  have  learned  that  teacher  education  about  technol- 
ogy is  really  teacher  education  for  change.  Rather  than 
teaching  established  outcomes,  we  need  to  teach  about  a 
process  informed  both  by  well-formed  ideas  and  the 
realities  of  action.  That  process  should  have  as  its  goals 
1 .)  the  creation  and  support  of  leaders  who  work  both  in 
die  schools  and  in  the  university,  2.)  the  creation  and 
support  of  collaborations  that  help  bridge  iheorj'  and 
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practice,  the  possible  and  the  ideal,  and  3.)  the  fostering 
of  both  researchable  ideas  and  testable  actions  that  lead  to 
change  and  replication.  We  are  learning  to  educate  for 
change  in  a  changing  world. 
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Altbougb  many  teacher  education  students  am 
exposed  to  tbe  use  of  computers  in  education 
during  their  preservice  teacher  preparation 
program,  most  of  the  effcMt  is  often  invested  in  the 
technical  or  *'operati(mal"  aspect  of  educational  comput- 
ing. Another  very  important  aspect  of  educational 
conputing  is  tbe  match  between  the  learning  strategy 
used  and  the  learning  style  of  tbe  student  For  new 
teachers  as  well  as  experiencea  teachers  who  are  begin- 
ning to  use  computers  in  tbeir  classrooms  the  issue  of 
compatibility  involves  more  than  assuring  the  software 
selected  will  run  on  tbe  machines  available;  it  is  also  a 
question  of  matching  teaching  and  learning  styles. 

Communication  is  the  basis  of  learning.  But  each 
person  expresses  himself  or  herself  in  a  distinctive  way 
depending  upon  culture,  intellectual  capability,  and 
academic  preparation.  With  this  vast  diversity  in  ability,  it 
is  amazing  that  anyone  can  communicate  feelings,  facts, 
and  skills.  In  traditionally  structured  schools,  a  student 
fails  if  he  or  she  does  not  create  a  product  which  displays 
measurable  evidence  of  acquired  knowledge.  Usually  a 
student  whose  style  parallels  the  teaching  style  of  his  or 
her  instructor  is  considered  intelligent.  Some  people  are 
more  effective  at  understanding  facts  and  emotions 
through  tbe  written  word,  yet  others  comprehend  informa- 
tion better  through  the  aeation  of  an  artistic  noi^rint 
product  Schools  measure  students'  intelligence  with 
subject  matter  uVat  emphasizes  abstract,  verbal,  and 
rational  modes  of  processing  information.  Tbe  student 
who  learns  more  effectively  through  the  concrete,  tactile, 
and  intuitive  modes  is  at  a  distinct  disadvantage  (Kane 
1984).  The  various  methods  by  which  people  acquire 
information  and  display  their  intellectual  accomplish- 
ments can  be  referred  to  as  le^ing  styles.  Keefe  (1982) 
defined  learning  styles  as  ''characteristic  cognitive, 
affective,  and  physiological  behaviors  that  serve  as 
relatively  stable  indicators  of  how  learners  perceive, 
interact  with,  and  respond  to  the  learning  environment** 
(p.  44). 

Is  learning  more  effective  when  students  are  pre- 
sented with  information  through  their  preferred  styles? 
Dunn  (1990)  believes  that  once  a  student  learns  how  to 
study  with  the  particular  characteristics  of  his  learning 
style,  there  is  a  significant  increase  in  achievement,  a 
reduction  in  school  dropout  rate,  less  stress  exhibited  in 
class,  and  a  more  positive  attitude  toward  school.  As  a 
result  teachers  try  a  variety  of  techniques  which  increase 
student  enthusiasm  for  subject  matter.  RenzuUi  and  Smith 
(1978)  recommend  stimulating  acadmic  interest  through 
varying  the  presentation  of  information  with  educational 
media.  Most  children  are  exposed  to  and  learn  from 
nonprint  materials  such  as  pictures,  models,  television, 
and  films  at  an  early  age.  The  potential  of  technologically 
sophisticated  nonprint  media  to  teach  children  is  docu- 
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mented  in  research  studies. 

The  microcomputer  is  a  dynamic  and  powerful 
teaching  tool  already  establisfaed  as  necessary  in  an 
academic  environment  Many  excellent  software  pro- 
grams create  a  positive  learning  environment  that  stimu- 
late students*  creative  thought  processes  in  ways  unheard 
of  in  the  traditional  classroom  (Sylwester  1990).  But  as 
every  teacher  knows,  not  all  computer  software  is  worth 
the  time  it  requires  to  use.  With  the  microcomputer 
becoming  more  conmionplace  in  many  schools,  students 
are  no  longer  automatically  enthusiastic  about  learning 
via  computers.  Even  award  winning  software  may  not 
^peal  to  all  students  because  its  structure  does  not 
address  their  current  intellectual  interests.  Therefore,  it  is 
imperative  that  a  teacher  not  only  be  aware  of  students* 
learning  styles  prior  to  assigning  specific  software,  but 
also  he  or  she  must  identify  which  styles  are  stimulated 
through  the  presentation  of  a  particular  software  program. 

There  are  particular  characteristics  of  individuals  who 
exhibit  behaviors  peculiar  to  each  learning  style  (Giegorc 
1982,  McCarthy  1990,  Sternberg  1990).  For  example, 
Gregorc  classifies  learners  into  four  basic  categories — 
concrete  sequential,  abstract  sequential,  abstract  random, 
and  concrete  random.  Gregorc*  s  delineator  requires  the 
student  to  rank  words  which  identity  how  he  or  she 
interacts  with  other  peqple  and  with  learning  situations. 
Unlike  other  delineators  which  attempt  to  assess  environ- 
mental conditions  or  media  preferences,  Gregorc*  s 
measurement  tool  is  concerned  primarily  with  the 
individual's  self  perception. 

Concrete  Sequential— Characteristics 

•  Possesses  extraordinary  physical  sensory  abilities 

•  May  have  a  photographic  memory. 

•  Processes  infCHmation  in  a  linear,  sequential  format 

•  Needs  to  know  objectives  and  directions 

•  Likes  hands-on  and  practical,  realistic  problems 

•  Enjoys  detail  and  data  gathering 

•  Is  a  perfectionist 

•  Transmits  knowledge  via  production  of  a  physical 
object 

•  Is  creative  by  improving  on  another  person's  product 

•  Resistant  to  change — change  comes  in  incremental 
steps 

•  Can  be  diplomatic  yet  dictatorial  at  times 

•  Expects  rewards,  recognition,  or  compliments  for  a 
good job 

•  Responsible  and  dependable 

•  Likes  ordered  environments,  predictable,  and  stable 

•  Likes  to  work  by  himself 

•  Prefers  a  quiet  and  busy  environment 

Some  software  programs  encourage  the  type  of 
intellectually  stimulating  environment  a  concrete  sequen- 


tial prefers.  Any  program  that  perauts  a  sequential 
thought  process  and  allows  a  bard  copy  or  disk  copy  of  a 
finished  product  resulting  from  the  interaction  of  student 
and  computer  would  benefit  this  child.  Programming 
languages  which  create  graphic  or  textual  displays 
immediately  from  commands  are  preferable.  Since  this 
type  of  learner  also  enjoys  researching  for  reports,  many 
of  the  electronic  reference  sources  and  telecommunication 
networks  allowing  a  child  to  search  a  large  database 
would  also  be  received  favorably  by  this  type  of  student. 
Likewise,  concrete  sequential  students  are  drawn  to 
games  which  requi^e^s  him  or  her  to  follow  a  specified  set 
of  rules  and  focus  attention  on  detail. 

Abstract  Sequential-Characteristics 

•  Prefers  nonphysical  world  of  thought,  mental  manipu- 
lation 

•  Sequential  thinking  in  a  branching  fashion 

•  Very  analytical 

•  Mentally  outlines,  compares  and  categorizes  data 

•  Change  comes  slowly  and  with  a  lot  of  weighing  of 
facts 

•  Collects  items  that  symbolize  knowledge 

•  Prefers  orderly,  quiet  atmosphere  for  learning 

•  Continually  acquiring  knowledge 

•  Particularly  adept  at  sensing  differences  in  a  situation 

•  Takes  the  work  of  others  and  adds  to  it  by  analyzing 

•  Represents  concrete  reality  in  words  and  signs 

•  Relies  on  expert  opinion  and  fact 

•  Is  highly  verbal 

•  Prefers  to  learn  by  himself  or  herself 

•  Transmits  knowledge  through  the  written  or  spoken 
word 

Certain  software  programs  encourage  the  abstract 
sequential  learner  to  use  a  microcomputer.  Their  need  to 
substantiate  findings  could  be  satisfied  with  an  electronic 
reference  source  or  a  teJecommunication  database. 
Deferred  programming  enables  this  students  to  mentally 
manipulate  commands  in  order  to  produce  a  desired 
gr^hic  or  textual  display;  a  hypertext  program  also 
encourages  an  abstract  sequential  to  create  a  product 
showing  the  synthesis  of  his  or  her  research  efforts.  There 
are  various  software  games  which  enable  this  type  of 
learner  to  mentally  manipulate  objects  or  ideas;  these 
programs  appeal  to  the  imaginative  talents  of  this  indi- 
vidual yet  still  allow  a  child  to  approach  learning  in  a 
sequential  manner. 

Abstract  Random— Cliaracterlstlcs 

•  Processes  in  a  randoai  manner  (non-linear  and  multi- 
dimensional) 

•  Focuses  on  relationship  between  persons,  places  and 
things 
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•  Has  a  strong  ability  to  recollect 
^  Is  highly  impressionable 

•  Relies  on  innate  instinct  about  humans  and  social 
situations 

•  Is  able  to  change  only  when  emotionally  involved 

•  Is  very  emotional,  imaginative,  and  holistic 

•  Collects  music  and  plants  to  create  a  positive  environ- 
ment 

•  Rebuilds  an  existing  object  into  a  mcffe  refined  state 

•  Must  interact  with  another  person  to  learn 

•  Believes  that  a  person  or  event  makes  a  difference 

•  Prefers  a  visually  and  auditorially  stimulating  environ- 
ment 

•  Prefers  self  discovery 

Since  this  child  requires  verbal  interaction  with 
another  student  in  order  to  process  the  inforaiation  being 
presented  to  him  or  her,  it  is  imperative  that  the  abstract 
random  individual  work  with  another  student  at  the 
microcomputer.  In  a  traditionally  structured  school 
environment,  communication  between  students  while 
formal  instruction  is  in  progress  is  discouraged,  thereby 
reducing  the  ability  of  this  type  of  student  to  absorb 
information.  Snow  and  Lohman  (1984)  indicate  that  the 
abstract  random  student  should  be  paired  with  a  student 
possessing  the  same  learning  style  initially,  and  then  as 
the  student  becomes  mcffe  proficient  he  or  she  would  be 
paired  with  a  student  who  has  a  different  learning  style. 
Although  some  teachers  may  express  concern  about  noise 
level  wh^n  children  work  together,  those  students  must 
communicate  with  a  peer.  Teachers  avoid  a  problem  by 
placing  paired  learners  away  from  individuals  working  at 
computers,  and  they  should  also  emphasize  the  need  for 
subdued  voices  during  discussion. 

There  are  particular  types  of  software  programs  which 
enable  an  abstract  random  learner  to  explore  the  power  of 
a  microcomputer.  Wordp'ocessing  and  graphics  software 
allow  this  student  to  express  feelings  through  emotionally 
stimulating  stCMies,  poems,  or  visually  descriptive 
graphics.  A  telecommunications  network  which  empha- 
sizes student  interaction  with  other  students  across  the 
nation  or  around  the  globe  would  appeal  to  the  people- 
oriented  abstract  raiulom. 

Concrete  Random — Characteristics 

•  Uses  intuition  to  study  the  concrete,  sensual  world 

•  Utilizes  a  semi-linear  progression  in  thinking 

•  Is  a  quick  and  impulsive  thinker 

•  Does  not  like  directions 

•  Likes  exploring  unstructured  problem  solving  situa- 
tions 

•  Studies  methods  in  dealing  with  persons  and  places 

•  Produces  original  and  unique  items 

•  Takes  risks  and  invents 


•  Needs  a  stimulus  rich  environment  with  freedom 

•  Likes  to  work  with  others  as  a  leader 

•  Likes  to  experiment  for  himself  in  a  group 

•  Does  not  consult  outside  authority 

•  Loves  competition 

•  Thrives  on  change  in  self  and  environment 

Like  the  abstract  random,  the  concrete  random  must 
interact  with  another  student  in  order  to  process  informa- 
tion. Since  these  individuals  tend  to  be  the  dominant  force 
in  a  group,  pairing  this  student  might  pose  a  challenge  for 
a  teacher  when  assigning  microcomputer  activities. 

Certain  types  of  software  programs  appeal  to  the 
concrete  random  learner.  Any  wordprocessing  activities 
that  permit  this  learner  to  work  with  other  class  members 
to  produce  a  newspaper  or  research  document  would  fit 
his  or  her  learning  style.  Since  this  child  actually  relishes 
competition  with  peers,  a  teacher  could  select  software 
that  encourages  the  acquisition  of  skill  or  knowledge  yet 
satisfies  a  desire  to  compete  with  fellow  concrete 
randoms.  These  students  also  thrive  on  solving  problems, 
and  there  are  software  programs  to  stimulate  this  talent 
for  creating  strategies.  Because  the  concrete  random 
needs  to  communicate  with  other  students  to  solve  a 
problem  or  collect  data  on  a  given  subject,  teachers 
should  consider  using  telecommunication  networks  that 
require  students  to  interact  with  other  students  either 
nationally  or  internationally  to  solve  a  specific  problem  or 
to  conduct  studies. 

Adapting  Software  For  All  Leornors 

Preservice  and  inservice  programs  that  help  teachers 
attend  to  learning  style  issues  when  designing  computer- 
based  experiences  cannot  approach  the  issue  as  a  simple 
learning  style-educational  software  match.  Teachers  do 
not  have  access  to  an  unlimited  library  of  miaocomputer 
software  which  would  appeal  to  such  a  variety  of  learning 
styles.  Therefore,  it  is  imperative  that  an  educator  be  able 
to  use  available  software  for  all  students  regardless  of 
styles  addressed  by  that  software.  Most  lesson  plans  can 
be  adapted  to  meet  each  student's  needs  if  a  teacher 
prepares  m  advance  strategies  he  or  she  will  use  ufi  order 
to  make  the  miaocomputer  lesson  a  rewarding  and 
academically  valuable  experience.  Although  the  micro- 
computer can  provide  a  vital  contribution  to  creating  a 
positive  environment  for  all  students,  it  is  also  capable  of 
perpetuating  only  those  leammg  styles  to  which  it  already 
appeals  (Gardner  1983). 

One  program  used  in  many  schools  to  stimulate 
thinking  skills  is  The  Factory  (Sunburst).  This  particular 
program  requiies  mental  manipulation;  it  also  demands 
that  a  student  use  linear  thought  processes.  The  abstract 
sequential  leairter  would  likely  find  this  software  program 
enjoyable  and  challenging  when  it  is  used  as  suggested  in 
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the  teacher* s  manual.  However,  lack  of  an  actual  physical 
object  and  the  necessity  of  thinking  in  linear  progression 
may  frustrate  students  who  possess  other  le^ing  styles. 
A  teacher  could  assist  other  students  encountering 
difficulties  while  using  The  Factory  and  further  enhance 
the  experience  received  by  the  abstract  sequential  learner 
as  well.  Some  illustrative  examples  are  provided  below: 

Abstract  Sequential 

1 .  The  teacher  makes  a  model  product  on  the  computer 
and  students  identify  the  procedure  involved  in  its 
creation. 

2.  Students  work  with  the  computer  program  to  identify 
the  machines  used  to  aeate  a  product. 

3.  Students  make  their  own  computer  product  and 
compare  and  contrast  the  machines  other  students  use 
to  create  the  same  product. 

4.  Students  design  a  product  with  different  shapes  such 
as  circles  and  octagons  and  detetmine  the  degree  of 
difficulty  in  deciphering  the  procedure. 

Concrete  Sequential  Accommodation 

1.  Children  individually  verbalize  the  steps  of  making  a 
peanut  butter  and  jelly  sandwich. 

2.  The  teacher  creates  construction  paper  models  of  a 
product  and  each  child  follows  along  with  the 
teacher*  s  directions  as  he  or  she  alters  its  physical 
appearance. 

3.  Children  create  their  own  product  with  paper  models; 
other  students  must  identify  steps. 

4.  Children  create  a  simple  product  first  on  the  computer 
and  identify  the  steps  necessary  to  replicate  the 
computer's  product. 

Abstract  Random  Accommodation 

1.  Children  verbalize  the  procedure  their  partner  uses  to 
make  a  peanut  butter  and  jelly  sandwich. 

2.  In  a  group  of  four  children,  each  child  adds  one 
dimension  to  the  computer  product  in  some  way  and 
then  a  fifth  child  describes  the  procedure  his  or  her 
peers  used. 

3.  In  pairs  the  children  verbally  identify  how  the  com- 
puter model  was  created. 

4.  In  pairs  children  discuss  how  other  machines  not 
currently  available  on  this  particular  program  could  be 
added  to  iTeate  a  more  unusual  product. 

Concrete  Random  Accommodation 

1.  Children  manufacture  a  peanut  butter  and  jelly 
sandwich  with  random  instructions  to  emphasize  need 
for  specific  sequeiKe  of  events  (directions). 

2.  With  construction  paper  models  children  follow  along 
with  a  teacher  in  identifying  the  steps  used  in  altering 
the  products*  physical  appearance. 


3.  In  groups  of  four,  children  collaborate  while  making  a 
model  product  on  the  computer  and  challenge  other 
groups  to  determine  the  procedure  (coaq)etition). 

4.  Students  brainstorm  other  types  of  products  that  the 
computer  programmer  might  consider  adding  to  The 
Factory  to  increase  the  level  of  difficulty. 

Another  popular  software  program  in  many  schools  is 
Oregon  Trail  (MECC).  In  this  program  students  work  m 
groups  of  five  who  travel  the  Oregon  Trail  in  the  1840*s. 
This  program  possesses  elements  of  problem  solving  and 
competition;  a  student  must  have  some  knowledge  of 
historical  events  prior  to  using  this  simulation.  Concrete 
random  learners  would  find  Oregon  Trail  an  effective 
learning  experience,  because  it  emphasizes  the  element  of 
chance  and  the  challenge  of  problem  solving.  Other 
features  which  could  be  emphasized  by  ?  *>eacher  increase 
appeal  for  other  children  who  learn  best  through  other 
styles. 

Concrete  Random 

1 .  Students  can  calculate  the  number  of  points  they 
receive  at  the  end  of  the  program,  and  they  can 
detennine  the  success  of  their  hunting  ability. 

2.  Students  design  a  better  wagon  to  insure  the  party's 
safety  during  the  journey. 

3.  Students  identify  a  comparable  journey  today  and 
determine  the  risks  travelers  face.  They  could  also  cite 
benefits  gained  from  that  adventure. 

4.  Students  speculate  about  other  methods  by  which  a 
person  could  extricate  himself  from  a  predicament 
while  on  the  real  trail  during  the  1840's  as  compared 
to  the  computer  programmers*  solution  to  a  problem. 

5.  A  group  of  students  cite  the  responsibilities  of  wagon 
master  in  relationship  to  other  members  of  his  or  her 
party.  They  should  identify  the  methods  by  which  a 
leader  motivates  and  convinces  teanmiates  to  accept 
one  course  of  action  over  another. 

Concrete  Sequential  Accommodation 

1 .  Students  and  teachers  cook  foods  prepared  through 
pioneer  methods. 

2.  Students  measure  cardboard  boxes  and  form  a  wagon 
bed.  They  must  add  necessary  provisions  made  from 
sacks  stuffed  with  newspaper  and  use  cardboard  boxes 
to  show  approximate  square  footage  in  a  covered 
wagon. 

3.  Students  make  a  salt,  water,  and  flour  map  showing 
the  mileage  and  tenain  to  be  covered  from  Indepen- 
dence, Missouri  to  the  Willamette  Valley  in  Oregon. 

4.  Students  make  a  diorama  of  one  of  the  events  they  feel 
was  important  during  their  journey  west. 

5.  Students  aeate  a  time-line  showing  their  progress  as 
they  cross  the  prairies,  mountains,  and  rivers. 
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Abstract  Sequential  Accommodation 

1.  Students  read  several  pioneer  diaries  and  compile  a 
report  about  common  occurrences  of  life  during  the 
1840's. 

2.  Students  identify  five  causes  of  death  and  illness 
which  were  actuaUy  common  for  travelers  on  the 
Oregon  Trail. 

3.  Students  speculate  about  why  so  many  people  died  of 
cholera  during  the  1840' s  while  on  the  Oregon  Trail. 

4.  Students  calculate  how  to  best  spend  their  money  to 
meet  the  demands  of  their  journey  as  they  travel  as  a 
carpenter,  a  banker,  and  a  fanner.  They  should  identify 
the  computer  programmers'  knowledge  about  each  of 
these  occupations  in  this  program. 

5.  Students  outline  their  experiences  while  on  the  trail 
and  identify  reasons  why  they  succeeded  or  failed  to 
arrive  in  Oregon. 

Abstract  Random  Accommodation 

1.  Students  keep  a  groupjoumaloftheir  Oregon  Trail 
journey  and  write  it  as  if  they  actually  had  traveled  in 
the  1840's. 

2.  A  group  of  students  collect  several  songs  that  were 
popular  in  the  1840's  and  plan  a  campfire  session  for 
the  class;  they  can  create  a  song  that  might  reflect  their 
own  feelings  about  their  journey. 

3.  Students  role-play  an  incident  from  their  experiences 
as  they  journeyed  to  Oregon. 

4.  Students  create  a  positive  eulogy  about  a  member  of 
their  party  who  died  while  on  the  joumey,  or  students 
identify  the  positive  contributions  of  each  member  of 
their  party  which  allowed  them  to  survive. 

5.  Students  write  a  newspaper  article  encouraging  or 
discouraging  other  citizens  from  making  the  joumey 
west. 

An  effective  teacher  attempts  to  provide  a  number  of 
experiences  which  encourage  all  students  to  become 
enthusiastic  about  subject  matter  under  study.  By  unde  - 
standing  the  strengths  and  weaknesses  of  their  learning 
styles,  students  can  develop  an  appreciation  for  their 
peers'  approaches  to  understanding  information  and  to 
creating  a  product  which  displays  their  level  of  knowl- 
edge (Hand  1990,  Brandt  1990).  hocm  of  control  is  also 
an  important  factor.  Pascal  (1971)  found  that  students' 
attitude  toward  subjects  improved  when  they  were 
permitted  to  select  the  method  by  which  they  could  learn 
required  information. 

Teachers  must  be  aware  of  their  students'  learning 
styles  in  order  to  develop  life-long  learners  who  enjoy 
increasing  their  knowledge  base,  not  because  they  arc 
required  to  do  so,  but  because  they  want  to  keep  abreast 
of  developments.  Computer  software  can  never  function 
alone  as  sole  sources  of  information  for  children  because 


only  a  human  teacher  cai.  manipulate  learning  experi- 
ences using  various  forms  of  media  to  meet  the  emotional, 
learning,  and  sociological  needs  of  all  students  in  a 
classroom.  This  fact  of  professional  life  is  not  always 
reflected  in  the  training  teachers  receive.  If  they  learn  no 
more  than  how  to  operate  the  current  generation  of 
ccHnputers  and  a  general  procedure  for  selecting  educa- 
tional software,  teachers  are  not  likely  to  integrate 
technology  into  the  curriculum  in  ways  that  meet  the 
needs  of  all  students.  And  when  some  students  are  less 
than  enthusiastic  about  a  computer-suppcnted  lesson,  the 
teacher  may  conclude  that  computers  in  the  clas  sroom  are 
not  tbat  beneficial.  It  is  in  the  inteiest  of  all  concerned, 
including  educators  who  support  the  wider  use  of  technol- 
ogy, to  include  coverage  of  the  issue  of  learning  styles  in 
preservice  and  inservice  programs  about  educational 
computing. 
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qualitative/quantitative 
dualism:  Implications  for 
research  in  technology 
and  teacher  education 
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The  danger  of  our  dialogues  was  hidden  in  the 
language  itself,  not  in  what  we  discussed,  nor  in  the 
way  in  which  we  tried  to  do  so. 

Martin  Heidegger 

I have  argued  elsewhere  (Tellez,  in  press)  that  the 
discipline  of  teacher  education  and  technology  has 
the  unique  opportunity  to  begin  inquiry  anew  with 
refined  research  agendas  while  leaving  behind  the  poor 
methodology  which  has  historicaUy  plagued  teacher 
education  research.  In  this  paper,  I  argue  that  we  are  not 
only  poised  to  leave  behind  poor  research,  but  that  we  can 
responsibly  remove  a  false  wall  recently  erected  by 
education  researchers:  the  qualitative/quantitative  dualism 
(QQE)).  By  showing  that  the  QQD,  which  has  divided  the 
faculty  in  many  colleges  of  education  and  prompted 
dozens  of  articles  arguing  for  the  use  of  one  or  both 
strategies,  is  a  vestige  of  Kantian  thinking,  recently 
dismantled  by  contempcHary  philosqphy.  I  will  argue  that 
teacher  education  and  technology  can  now  transcend  the 
debate  aiKi  advance  a  research  agenda  free  of  its  limiting 
constraints. 

The  rift  in  qualitative  and  quantitative  methods  of 
describing,  predicting,  even  controlling  education  has 
grown  wider  in  recent  years,  in  spite  of  attempts  to  "close 
it  down"  (Smith  &  Heshusius,  1986).  It  seems  that  some 
of  those  who  study  human  behavior  have  reached  an 
uneasy  truce,  yet  for  many  researchers  it  appears  that  the 
division  is  deeper  than  ever.  Educational  researchers,  in 
particular,  have  now  developed  two  separate  lines  of 
research,  often  existing  in  the  same  department,  battling 
for  graduate  students  who  will  use  their  methods.  Why 
does  this  dualism  come  so  forcefully  now  and  why  do  we 
continue  to  take  so  much  notice  of  it?  In  this  paper,  I  will 
argue  that  the  use  of  the  QQD  in  the  maneuvers  for 
nrimacy  in  describing  the  reality  of  teaching  and  learning 
is  not  only  a  false  one  but  one  that  blocks  us  from  other 
vocabularies,  which  may  be  better  at  describing  what 
people  do  in  education.  At  the  heart  of  my  analysis  is  the 
view  that  words  and  numbers  are  two  of  our  representa- 
tion J  resources,  and  that  both  are  metaphors  (in  the 
broadest  sense)  for  describing  action.  In  unpacking  the 
QQD  and  suggesting  a  world  free  and  untethered  from  it, 
I  will  make  the  following  points: 

I.  Early  in  this  century,  Dewey  forcefully  attacked  the 
dualisms  of  his  day  (child  vs.  curriculum,  knowing  vs. 
doing,  theory  vs.  practice).  His  arguments  are  still 
powerful  and  have  special  meaning  for  the  QQD, 

IL  Modem  theorists  who  argue  for  the  primacy  of 
quantitative  data  over  qualitative  data  have  made  a 
mistake  that  Kant  made  over  3(X)  years  ago,  namely, 
the  distinction  between  analytic  and  synthedc  truths. 
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in.  Quantitative  researchers  may  argue  that  numbers  get 
us  closer  to  the  truth  than  qualitative  inquiry.  In  fact, 
quantitative  research  depends  on  a  few  very  ambigu- 
ous words  to  describe  its  findings. 

Whereas  this  paper  may  have  implications  for 
disciplines  beyond  teacher  education  a; :  lec^^iiology,  1 
hope  to  point  out  that  there  exists  a  special  emphasis  for 
our  work,  not  because  our  investigations  are  considerably 
different  than  others  in  education,  but  because  we  have 
the  advantage  of  a  short  history  (i.e.,  a  history  easy  to 
reshape  and  reconfigure). 

I. 

Dewey  sprinkled  his  writings  with  numerous  attacks 
on  dualisms.  It  is,  therefore,  surprising  to  notice  the 
extraordinary  health  of  modem  dualisms.  Educational 
researchers  can  be  heard  talking  freely  about  the  theory/ 
practice  split,  the  cognition/'emotion  dichotomy,  left  brain/ 
right  brain,  and,  of  course,  the  QQD-  Phenix  (1966) 
cogently  describes  Dewey's  attack  on  dualisms,  noting 
that  Dewey  warned  his  contemporaries  that  a  focus  on 
dualisms  would  encourage  **the  neglect  of  the  more 
important  connections  and  relationships  which  the 
solidification  of  these  general  categories  encouraged"  (p. 
40).  in  essence,  Dewey  used  the  concepts  of  nature, 
experience,  interaction,  and  continuity  in  his  war  on 
dualisms.  He  maintained  that  it  was  mappropriate  to  chop 
nature  up  into  two  parts  (e.g.,  living/non-living,  real/ 
surreal).  The  world  is  a  constant  flux,  ill-suited  for  easy 
categories,  and  that  while  dualisms  may  help  to  spiir  talk 
about  the  world,  they  do  not  necessari?y  help  those  whc 
talk  about  it  to  understand  it  better.  Bernstein  (1986) 
pomted  out  that  "Dewey  sought  to  unmask  the  tendency 
for  philosophers  to  leify  and  hypostatize  changing  fluid, 
functional  distinctions  mto  metaphysical  and  epistemo- 
logical  dichotomies"  (p.  263).  In  this  respect,  we  are 
reminded  that  our  language  may  decide  for  us  how  we  are 
to  understand  our  environment  and  therefo.-e  limit  our 
understanding  of  it,  although  this  is  a  point  of  much 
dispute. 

A  common  dualism  in  teacher  education  and  technol- 
ogy research  spins  on  the  purported  difference  between 
abstract  "theoretical  investigations"  in  technology  and 
concrete  software  development.  This  dualism  is  false 
namely  because  one  cannot  test,  evaluate,  or  develop 
computer  software  in  a  theoretical  vacuum.  Any  re- 
searcher seeking  to  apply  a  prescriptive  treatment  to  an 
educational  problem  cannot  do  so  without  an 
undergirding  belief  driving  development.  Even  the  most 
"apphed"  research  has  a  theory  on  which  to  base  expecta- 
tions, even  if  that  theory  resembles  what  Maxine  Greene 
calls  a  personal  landscape  (Cjreem*.  1978).  Nor  can  one 
develop  a  theory  or  write  a  theoretical  paper  without 


considering  implication.  The  world  cannot  be  made  to 
disappear  when  we  develop  theory.  Ever>'  theoretical  idea 
has  as  its  base  the  experience  of  the  nearby  environment. 
We  should  also  be  reminded  that  theory  has  its  place  and 
that  a  fascination  with  theory  may  distract  us  frcm  finding 
new  ways  of  thinking  about  the  worid.  Santiago  Ramon  y 
Cajai,  the  founder  of  neuroscience,  wrote  early  in  this 
century:  *To  observe  without  thmking  is  as  dangerous  as 
to  think  without  observing.  Theory  is  our  best  intellectual 
tool;  a  tool  like  all  others,  liable  to  be  notched  and  to  rust, 
requhing  continual  repairs  and  replacements"  (1937,  p- 
155).  The  notches  and  subsequent  repairs  in  a  theory  are 
caused  by  interaction  and  testing  in  the  experin\ental 
world.  The  concrete  often  rubs  theory  the  wron^*  way,  and 
the  experimenter's  task  is  to  modify  theory  with  the 
"backtalk"  of  the  environment.  The  concrete  cannot  exist 
without  the  abstract  nor  vice  versa. 

In  short,  Dewey  argued  that  the  world  does  not  exist 
in  a  bmary  mode.  1  suggest  tliat  the  moment  a  community 
of  inquirers  believes  a  dualism  exists,  that  dualism  should 
be  intenogated  and  shown  to  be  untrue.  Such  proof  is 
typically  not  hard  to  find. 

II. 

The  second  argument  leading  to  the  dismantling  of  the 
QQD  hinges  on  the  analytic/synthetic  truth  distinction. 
This  debate,  much  older  than  the  QQD,  contams  one  of 
the  key  ingredients  necessary  for  dismantling  the  C^D.  It 
was  Kant  who  first  proposed  the  analytic/synthetic 
distinction,  which  he  suggested  cleaved  sentences  into 
two  distinct  classes:  daose  whose  tiuth  depends  on  facts  of 
matter  (synthetic)  and  those  whose  truth  depends  on  facts 
of  meaning  (analytic).  For  Kant,  analytic  propositions  are 
(a)  those  in  which  the  predicate  is  "contained  m"  the 
subject,  (b)  those  in  which  the  connection  between  subject 
and  predicate  is  one  of  identity,  (c)  those  which  one 
cannot  deny  without  being  involved  in  a  self-contradic- 
tion. Conversely,  synthetic  propositions  are  (a)  those 
whose  predicate  not  contained  (b)  not  identity  (c)  and 
those  in  which  one  can  deny  without  beuig  involved  m  a 
self-contradiction.  A  common  example  of  an  analytic 
statement  is  "No  unmarried  man  is  married."  One  needs 
not  appeal  to  the  world  for  verification  of  the  truth  to  the 
statement.  No  empirical  check  is  required.  It  is  analytic. 
However,  the  followmg  statement,  "Snow  is  white," 
cannot  be  confirmed  without  an  appeal  to  facts  (observa- 
tion) found  in  the  environment  and  is  thought  to  be 
synthetic.  Quine  (1953)  showed  that  this  distinction  is 
indeed  false  by  pointing  out  that  there  are  truth  statements 
that  fall  into  different  divisions  within  what  had  once 
been  considered  analytic  statements.  Harris  and  Severens 
(1970),  in  an  introduction  to  Quine's  *Two  Dogmas  of 
Empiricism"  wrote: 


460  Technology  ond  TMcher  Educotton  Annuel    1 993 


Quine  distiKiguishes  between  two  kinds  of  supposed 
analytic  statements:  those  which  are  logically  true  (or  true 
by  virtue  of  their  form  alone)  and  those  which  are  true  by 
virtue  of  meaning,  not  logically  true  but  true  because  of 
their  nonlogical  content.  The  first  kind  invariably  remain 
true  under  any  uniform  substitution  for  their  nonlogical 
expressions.  For  example,  "Every  rose  is  a  rose"  remains 
true  when  "turtle"  is  subtituted  for  "rose"  therein.  Logical 
truths  are  truths  which  retain  their  truth  no  matter  what 
systematic  substitution  is  made  for  their  nonlogical  temis. 
On  the  other  hand,  the  latter  kind  cannot  be  characterized 
so  easily.  Thus  although  "No  bachelor  is  married"  (which 
is  not  a  logical  truth  ,  or  true  by  virtue  of  its  form  alone) 
can  be  made  into  a  logical  truth  by  substituting  **unmar- 
ried  person"  for  bachelor  on  the  basis  of  their  purported 
synonymy,  the  matter  is  not  closed.  For  the  notion  of 
synonymy  is  every  bit  as  mysterious  as  is  the  notion  of 
analyticity.  Characterization  of  the  second  class  of 
analytic  statements  failing  thus,  the  notion  of  analyticity 
itself  remains  incompletely  analyzed,  (pp.  23-24) 

For  the  purposes  of  this  discussion,  however,  it  is 
important  to  focus  on  Kant's  "mistake"  in  suggesting 
analyticity  for  mathematical  statements.  Kant  maintained 
that  a  priori  knowledge  (the  type  needed  to  verify  the 
truth  of  analytic  statements)  is  independent  of  experience. 
Whereas  he  did  believe  that  though  all  knowledge  begins 
with  experience,  he  did  not  suggest  that  all  knowledge 
arises  out  of  experience.  Kant  maintained  that  it  is 
necessary  to  learn  the  concepts  "5","+",  "7",  "=",  "12." 
However,  once  learned,  it  is  not  necessaiy  to  rely  upon 
experience  to  judge  the  truth  of  "5+7=12";  such  knowl- 
edge is  independent  of  experience  and  is  therefore 
analytic.  Quine  illusti-ated  that  it  is  really  impossible  to 
characterize  purely  analytic  statements.  The  analyticity  of 
mathematical  statements  is  challenged  by  the  fact  that 
there  is  no  such  thing  as  an  analytic  statement  Mathemat- 
ics does  have  the  iUusion  of  being  purely  logical,  and 
therefore  analytic,  but  the  way  in  which  modem  social 
scientisls  inteipret  this  falsity  is  what  gets  them  into 
trouble.  The  iUusion  that  statements  which  involve 
numbers  are  often  analytic  (ones  which  rely  only  on 
logical  terms  to  deterr^iine  truth)  has  led  many  social 
scientist  to  believe  that  once  a  number  is  ascribed  to  a 
phenomena,  the  truth  is  fixed,  no  longer  in  need  of  further 
experience  for  verification.  For  example,  a  researcher 
interested  in  Knowledge  of  Technology  may  develop  a 
measure  (operationalized)  that  reflects  this  ability.  (Let's 
call  it  the  KTS).  After  scaling  the  instrument  and  comput- 
ing scores,  knowledge  of  technology  "becomes"  56  for 
subject  number  12  while  die  mean  for  [Li  sample  "be- 
comes" 58.96  (KTS=:58.96).  Following  Kant,  this  move  is 
often  thought  to  stop  the  continuing  need  to  define 
knowledge  of  technology.  Conversely,  if  knowledge  of 


technology  is  described  using  more  words,  the  meaning  is 
thought  to  be  synthetic  (Does  knowledge  of  technology 
really  mean  the  words  I  thought  it  did?).  It  is  very 
common  for  education  researchers  to  uncover  a  construct, 
ascribe  a  numerical  value  to  it,  and  proceed  as  if  the  ''truth 
statement"  needs  no  further  verification.  Of  course,  the 
social  scientists  have  their  own  syst^  for  "proving"  the 
analyticity  of  statements  like  KTS-56.78;  that  is.  the  ritual 
of  operationally  defming  constructs.  Once  a  number 
represents  a  construct,  it  is  tempting  to  believe  that  the 
construct  has  been  defmed  and  the  "truth"  can  then  be 
sorted  out. 

Mathematical  statements  are  not  analytic  because  the 
analytic/synthetic  distinction  has  been  dismantled; 
therefor,  the  notion  that  numbers  are  somehow  closer  to 
the  truth  is  a  myth.  Nor  can  we  say  that  statements  usuig 
words  are  synthetic  or  analytic.  The  truth  of  any  statement 
requires  a  combination  of  logic  and  experience;  every 
statement  is  a  negotiated,  temporal  "truth." 

Hi. 

The  third  attack  on  the  QQD  is  supported  by  Miller 
and  Fredericks  (1991)  who  argue  for  the  value  of  indeter- 
minacy (the  fact  that  we  all  develop  our  own  individual 
translation  of  what  we  believe  to  be  conunon  terms)  in 
research  in  the  human  sciences.  They  argue  that  even 
when  we  believe  that  we  have  developed  quantitative 
research,  we  inevitably  fmd  ourselves  falling  back  on 
words,  and  thus  to  indeterminate  meanings.  For  example, 
a  social  scientist  is  interested  in  the  relationship  between  a 
certain  instructional  method  and  student  achievement  Of 
course,  the  meaning  of  "instructional  method"  and 
"student  achievement"  may  be  vague,  ambiguous,  or  both. 
For  the  purposes  of  this  discussion,  however,  it  would  be 
most  fruitful  if  we  assumed  that  all  concerned  had 
assented  to  the  meanuig  of  d^ese  terms  by  deciding  how 
they  could  be  defined. 

The  ceremony  of  educational  research  requires  our 
rcvsearcher  to  operationally  define  the  constructs  used. 
Having  done  so  and  conducted  the  research,  it  is  discov- 
ered that  a  correlation  of  .50  is  found  between  two 
constructs.  Miller  and  Fredericks  argue  that  it  is  at  this 
point  that  ambiguity  sets  in.  Is  a  correlation  of  this 
magnitude  "strong"  or  "weak?"  Certainly  it  is  stronger 
than  no  correlation  but  it  is  considerably  weaker  than  a 
perfect  relationship.  The  tenms  we  inevitably  must  use  to 
describe  this  number  (.50)  are  indeterminate;  that  is,  we 
all  must  appeal  to  "meaning"  when  we  interpret  "strong", 
"weak",  or  "somewhat  strong." 

All  those  who  know  the  ceremony  and  ritual  in  social 
science  know  the  next  move  well:  statistical  significance. 
This  strategy,  however,  does  little  to  reduce  the  reliance 
on  words  even  after  we  employ  sophisticated  mathematics 
to  be  "sure"  of  our  results.  Miller  and  Fredericks  write, 
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"In  this  version  of  trying  to  reduce  methodological 
iBdeterminacy,  one  agrees  that  even  though  the  correla- 
tion does  not  remove  (or  'explain*)  the  problem  of 
a  curate  translation,  the  'amount*  that  it  does  remove  is 
(statistically)  significant*'  (p.  365).  Thus,  unless  we  limit 
ourselves  to  a  perfect  correlation,  it  is  still  with  vague 
words  ("a  low  or  high  level  of  significance**)  that  we  must 
discuss  the  results. 

The  problem  cannot  be  solved  with  an  ^peal  to  more 
advanced  techniques  of  statistical  analysis.  Again,  while 
perhaps  a  larger  percent  of  variance  is  **explained,**  some 
portion  is  left  "unexplained.**  Researchers  may  now  be 
able  to  describe  how  other  variables  or  factors  influence 
one  or  more  other  variables,  the  problem  of  significance 
has  not  been  attenuated  nor  is  there  ever  a  guarantee  thai 
the  model  used  to  account  for  the  variance  is  fully 
specified.  Most  quantitative  researchers,  of  course,  would 
not  argue  that  the  data  can  completely  explain  a  phenom- 
enon.  However,  most  would  argue  that  as  a  result  of  the 
experiment  or  data  analysis,  the  "truth**  is  closer  at  hand. 

Conclusions 

As  part  of  a  larger  critique  of  Enlightenment  thinking, 
Richard  Rorty  has  suggested  that  what  now  cout.  ^  as 
science,  that  which  is  able  to  somehow  stand  outside  the 
flux  of  experience,  like  a  Philosophy  which  can  stand 
outside  the  world  with  a  "God*s  eye  view,**  does  not  exist. 
Rorty  maintains  that  the  way  we  describe  the  world  has  a 
good  deal  more  to  do  with  our  vocabularies  than  with  any 
correspondence  to  reality.  He  makes  clear  that  the  rigid 
categories  of  the  vocabularies  that  count  as  science  or 
research  often  gel  in  the  way  of  alternative  vocabularies. 
His  question  to  an  educational  inquirer  might  be,  "Are  the 
representational  resources  (vocabularies)  you  are  now 
using  getting  in  the  way  of  the  use  of  other  representa- 
tional resources?"  and  avoid  altogether  the  question, 
"Have  you  got  it  rightT*  The  ironist  teacher  education 
researcher  would  focus  on  novelty  rather  than  searching 
for  the  one  best  way  to  educate  teachers,  a  fruitless 
venture,  tantamount  to  asking  "With  better  science  and 
technology,  we  can  discover  bow  to  produce  the  perfect 
teacher.**  She  would  use  her  resources  trying  to  uncover 
what  has  been  ignored  instead  of  perfecting  what  we 
already  believe  to  be  a  promising  line  of  research. 

Rorty  argues  persuasively  that  modem  notions  of 
"science'*,  "truth**,  and  "objectivity**  have  come  to  carry 
too  much  weight  and  that  we  rarely  recognize  the  load. 
Rorty  (1991)  suggests  that  we  avoid  such  categories  and 
suggests  that  as  philosophers  and  scientists  we  engage  in 
"less  talk  about  rigor  and  more  about  originality*'  (p.  12). 

The  QQD,  in  my  view,  has  very  much  been  getting  in 
the  way  of  producing  alternative  vocabularies  about 
teaching  and  learning.  Nietzsche  called  the  truth  a 
"mobile  army  of  metaphors,'*  and  in  educational  research, 


our  metai^ors  are  constrained  by  the  false  bifurcation  of 
the  (2QD.  We  have  let  one  set  of  vocabularies  get  in  the 
way  of  otbeis;  our  understanding  of  teaching  and  teacher 
education  can  be  improved  by  creating  better  metaphors, 
not  a  better  science.  Limiting  ourselves  to  met^hors  of 
numbers  and  words  that  are  ambiguously  "grounded**  in 
reality  limits  us  to  a  language  in  which  we  are  forced  to 
play  a  silly  game  of  "my  metiq)hors  represent  reality 
better  than  yours.**  It  was  Wittgenstein  (1958)  who 
proposed  that  language  was  like  a  game  among  a  set  of 
players.  In  his  argument,  he  pointed  out  that  in  the 
language  game  it  was  impossible  to  develop  the  perfect 
game,  that  there  was  no  point  in  trying  to  find  the  perfect 
language,  primarily  because  the  game  (language)  must 
constantly  change.  New  rules,  new  pieces,  and  new 
players  will  dominate.  The  only  rule  that  governs  any 
change  is  that  at  least  a  few  other  players  have  to  agree 
upon  the  changes.  After  that,  it  is  a  new  game.  By 
comparing  language  to  a  game,  Wittgenstein  maintained 
that  players  use  the  language  as  a  tool  rather  than  making 
the  object  of  the  game  the  development  of  a  language. 
Those  who  sttidy  technology  and  teacher  education  now 
have  an  opportunity  begin  their  inquiry  with  a  de- 
emphasis  on  the  tools  while  focusing  clearly  on  both  the 
nature  of  the  game  and  the  subjects  of  inquiry  themselves. 

While  much  of  modem  educational  research  is  tied  to 
the  QQD,  there  is  no  reason  why  those  working  in  teacher 
education  and  technology  research  must  subscribe  to 
previous  categories.  We  must  maintain  a  level  of  creativ- 
ity and  even  subversion  in  our  research  efforts.  The  field 
is  new,  there  is  little  tradition  before  us  and  the  tradition 
that  exists  may  not  be  one  that  we  wish  to  build  upon.  Let 
me  share  an  example  that  I  find  illustrative:  I  recall 
watching  a  short  television  spot  about  a  new  software 
development  company.  What  surprised  me  most  about  the 
operation  was  the  downright  playfubess  and  spontaneity 
of  those  who  worked  there.  Squirtgun  fights  erupted 
during  meetings  of  the  board,  shenanigans  of  all  sorts 
were  easy  to  find,  yet  this  small  company  had  developed 
an  amazing  piece  of  software  that  had  garnered  the 
sizable  market  share  for  their  product.  The  traditional 
categories  (dualisms  in  part)  of  research  and  development 
had  been  blurred  and  the  emphasis  seemed  not  on  getting 
the  software  right  (although  it  comes  to  that  eventually) 
but  rather  to  develop  new  ways  of  looking  at  technology 
and  how  we  could  use  it.  In  effect,  they  had  come  to 
develop  alternative  vocabularies.  This  kind  of  attitude 
toward  technology  and  teacher  educaticMi  may  point  us  in 
the  right  direction . 

There  are  some  signs  that  teacher  education  research- 
ers are  coming  to  understand  the  postmodern  view  of 
language  (for  a  discussion  of  the  implications  of 
postmodernism  in  education,  see  Chenryhohnes,  1989).  In 
particular,  I  am  encouraged  by  the  recent  work  in  the  area 
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of  teacher  research,  mostly  because  teacher  research 
offers  a  new  way  of  finding  out  about  the  world 
(Goswami  &  Dixon,  1987).  Because  teacher  researching 
developed  in  part  as  a  reaction  to  traditional,  quantitative 
research,  it  is  not  typically  bound  by  the  QQD.  Teacher 
researchers  tend  to  approach  research  in  their  own 
specific  context  by  using  whatever  methods  or  vocabular- 
ies suit  their  needs.  They  fuse  methods,  create  new  terms, 
talk  directly  to  students,  observe  them  daily,  and  find 
conclusions  about  which  they  make  no  extra-worldly 
claims  (they  rarely  claim  wide  generalization).  What  they 
often  write  or  tell  about  in  their  research  attempts  is 
reminiscent  of  a  story,  and  the  story,  as  Barone  (1992a, 
1992b)  has  suggested,  is  powerful  in  both  its  ability  to  re- 
describe  and  empower. 

In  the  attempt  to  create  alternative  vocabularies,  I 
would  reconunend  that  teacher  educators  help  preservice 
students  engage  in  their  own  research  questions  that  result 
in  their  own  story,  their  self-description  of  what  they  hope 
to  become  as  teachers.  Technology,  rather  than  being  a 
discrete  chapter  in  their  story,  might  weave  in  and  out  of 
the  larger  narrative.  In  summary,  the  QQD  debate  should 
end,  not  because  one  methodology  is  better  at  finding  the 
Truth,  but  because  the  distinction  is  a  false  one  and  the 
vocabularies  created  by  it  limit  our  ways  of  discovery. 
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Instructional  design  + 
cognitive  strategies  = 
Improved  pedagogy 

Kay  A.  Persichitte 
University  of  Northern  Colorado 


Instfuclional  technology  carries  with  it  many  pseud 
onyms  and  a  variety  of  definitions.  For  this  author,  it 
is  a  systems  approach  piocess:  "a  systematic  way  of 
designmg,  carrying  out,  and  evaluating  the  total  process 
of  learning  and  teaching  in  terms  of  specific  objectives, 
based  on  research  in  human  learning  and  communication, 
and  employmg  a  combination  of  human  and  non  human 
resources  to  bring  about  more  effective  instruction" 
(Commission  on  Instructional  Technology,  1970,  p.21). 
Today,  one  prominent  view  of  human  learning  is 
cognitivism.  Traditional  cognitive  science  emphasizes 
thought  processes  and  is  sttidied  as  a  collection  of  theories 
known  as  human  information  processing  (HIP)  theories. 
These  theories  consider  how  humans  perceive,  process, 
store,  and  retrieve  information.  The  relationship,  then, 
between  cognitive  science  and  insmictional  design  (ID) 
should  be  of  critical  concern  to  educators.  Assuming 
learning  is  a  function  of  information  processing,  the  most 
effective  ID  must  take  into  account  the  learners'  cognitive 
processes. 

In  general,  any  ID  should  consider  the  level  of 
cognitive  development  of  the  learner.  To  facilitate 
learning,  an  ID  should  present  information  in  an  orga- 
nized fashion  that  encourages  the  learner  to  recognize 
connections  to  previous  knowledge.  ID  should  plan  for 
the  processes  of  association  and  elaboration  to  occur. 

Attention  and  perception  are  two  HIP  processes  that 
should  be  considered  in  the  ID  process.  Effective  mstruc- 
lion  should  include  a  plan  for  getting  and  maintaining  the 
learners*  attention.  Care  should  be  taken  to  consider  how 
materials  and  the  method  of  instruction  will  be  perceived 
by  the  learner. 

Another  cognitive  construct  that  deserves  consider- 
ation in  the  ID  process  is  transfer.  An  understanding  of 
the  types  of  transfer  and  what  conditions  facilitate  transfer 
arc  essential  to  the  most  effective  ID. 

Modem  research  suggests  there  are  certain  control 
processes  a  learner  aiay  engage  to  manage  other  HIP 
processes  (e.g.  attending,  elaboration,  recall,  transfer). 
These  control  processes  are  called  cognitive  strategies; 
they  allow  learners  to  regulate  their  own  learning,  (jagne 
and  Glaser  (1987)  group  these  cognitive  strategies  into 
three  basic  groups  for  the  instructional  designer  to 
capitalize  on.  Strategies  for  learning  are  those  which 
allow  the  learner  to  modify  or  control  incoming  informa- 
tion. Included  in  this  category  are  strategies  for  attending 
(e.g.  interspersed  questioas,  statement  of  the  objective), 
guides  to  comprehension  (e,g.  summarize,  question, 
anticipate),  and  pattern  recognition.  When  the  ID  embeds 
these  constructs  in  the  instrucdonai  presentation,  these 
strategies  for  encoding  contribute  to  improved  learner 
performance.  Often,  these  stt^tegies  must  be  overtly  cued 
by  verbal  instruction.  Encoding  may  also  be  positively 
influenced  by  some  type  of  imposed  or ganizatioiud 
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structure.  Cognitive  m^s  and  frames  are  examples  of 
effective  organizational  structures.  Depth  of  processing, 
and  thereby,  encoding,  is  generally  increased  through 
strategies  that  support  elaboration. 

The  second  group  of  cognitive  strategies  advanced  by 
Gagne  and  Glaser  are  strategies  for  remembering.  It  is 
difficult  to  separate  these  entirely  from  the  encoding 
strategies  since  research  suggests  that  the  recall  of 
specific  words  is  heavily  influenced  by  the  context  in 
which  they  were  learned  (Onnrod,  1990).  These  types  of 
incidents  are  examples  of  encoding  specificity,  which,  in 
certain  domains,  may  work  to  the  advantage  of  the 
learner.  ID  must  allow  for  recall  to  be  stimulated  using 
these  encoding  contexts  as  cues  to  the  leamer.  Instruction 
in  isolated  facts  and  rote  memorization  offer  the  leamer 
little  opportunity  to  develop  necessary  contexts  for  their 
learning  and  should  be  avoided  in  the  ID  process. 

Problem  solving  strategies  ait  the  third  strategy  group 
discussed  by  Gagne  and  Glaser.  These  strategies  tend  to 
be  highly  content  and  domain  specific.  Strategies  in  this 
group,  force  the  mstructional  designer  to  consider  the 
interplay  between  leamer  processing  ability  and  leamer 
knowledge  stmaure.  Consideration  of  misconceptions 
and  transfer  are  critical  to  the  ID  at  this  juncture. 

Most  ID  work  is  now  routinely  applied  through  a 
sequence  of  prescribed  decision-making  steps  known  as 
ID  models.  The  vast  majority  of  these  ID  models  have 
grown  out  of  a  desire  to  apply  basic  research  in  cognitive 
psychology,  developmental  psychology,  and  motivational 
psychology  to  the  creation  of  prescriptive  theories,  "rules** 
that  teachers  can  follow  which  are  intended  to  result  in 
more  effecQve  learning  by  their  students.  Wildman  (1981) 
argues  that  the  process  of  ID  ought  to  be  conducted  by 
individuals  who  have  adopted  a  cohesive  theory  of 
learning  to  serve  as  the  basis  for  the  decisic«i-making  that 
is  inherent  within  and  among  current  ID  models. 

It  is  the  belief  of  this  author  that  the  most  effective 
applications  of  ID  will  occur  as  a  result  of  shifting  the 
focus  of  learning  away  from  an  external  (teacher)  locus  of 
control  to  an  internal  (leamer)  locus  of  control.  Learning, 
then,  can  be  described  as  a  generative  process  which 
causes  modifications  to  internal  knowledge  representa- 
tions. Given  that  learners  constmct  knowledge  structures, 
inscmctional  designers  should  be  familiar  with  cognitive 
processes  and  theory.  ID  then  provides  the  necessary 
support  for  the  leamer  as  these  processes  occur. 

Learners  must  eventually  understand  their  own 
attempts  to  leam  in  order  to  control  the  process.  Thus,  the 
focus  of  ID  must  change  from  the  traditional  emphasis  on 
what  the  teacher  does  to  a  new  emphasis  on  what  the 
leamer  is  to  do.  Learners  must  shoulder  a  considerable 
amount  of  the  responsibility  for  what  is  learned  but  the  ID 
should  facilitate  each  step  of  the  leaming  process.  Design 
work  is  necessarily  involved  in  the  process  of  teaching 


students  how  to  leam.  The  task  of  instructional  designers 
becomes  more  complex  as  they  account  for  the  informa- 
tion-processing activities  of  learners.  Existing  models 
take  on  new  significance  as  ID  pays  greater  attention  to 
such  critical  issues  as  the  need  for  learners  to  actively 
attend  to  relevant  aspects  of  a  given  learning  situation;  the 
need  for  learners  to  make  connections  between  new 
material  and  existing  knowledge;  the  need  for  learners  to 
recognize  when  new  informadon  doesn't  make  sense. 

Tosk  Analysis 

Once  learning  is  viewed  as  the  growth  of  cognitive 
structures,  an  initial  ID  step  is  to  make  explicit  the 
structure  of  the  content  to  be  learned.  This  component  of 
an  ID  model  is  typically  referred  to  as  task  analysis. 
Application  with  cognitive  processing  in  mind  requires 
designers  to  be  concerned  with  the  major  information- 
{M'ocessing  tasks  associated  with  the  attainment  or 
construction  of  knowledge  stmctures  as  well  as  the 
prerequisite  behaviors  for  complex  performance.  Creating 
an  effective  sequencing  of  leamer  objectives,  deciduig 
which  aspects  of  leamer  prior  knowledge  are  relevant  to 
the  existing  task,  and  selecting  a  delivery  strategy  which 
best  fits  the  information  to  be  learned  are  other  design 
issues  that  are  influenced  by  the  initial  task  analysis. 

The  structure  of  content  materials  has  an  important 
influence  on  learners  as  they  attempt  to  aeate  their  own 
meaning  and  understanding  from  unfamiliar  information. 
It  makes  sense,  then,  that  the  mstructional  designer  must 
also  understand  the  relevant  stmctural  aspects  of  a  content 
in  order  to  effectively  select,  produce,  and/or  modify 
instmctional  materials.  For  years,  ID  has  recognized  that 
there  are  powerful  predictors  of  a  leamers'  ability  to  leam 
new  information:  the  degree  of  the  relationship  between 
inherent  content  structure,  the  nature  of  the  learners'  prior 
knowledge,  and  \hc  way  in  which  the  new  information  is 
initially  presented  (Ausubel,  Novak  &  Hanesian,  1978). 

How  content  is  organized  should  be  a  function  of 
cognitive  and  ID  task  analysis  which,  in  turn,  would  lead 
to  the  constmction  of  instructional  materials  which 
display  the  essential  features  of  the  content  and  contain 
^propriate  elaboration.  Too  often,  the  classroom  mstmc- 
tional  designer  allows  the  instmctional  materials  to  dictate 
a  content  organization  that  does  not  conform  to  basic 
cognitive  principles. 

Designing  Instructional  Strategies 

Just  as  task  analysis  is  a  key  component  of  ID,  so  is 
designing  instructional  strategies.  Commonplace  ID 
models  require  die  designer  to  first  place  the  instmctional 
goal  within  one  of  the  four  accepted  domains  of  leaming: 
intellectual  skill,  psychomotor  slcill,  verbal  information, 
or  an  attitude  (Gagne  &  Glaser,  1987;  Dick  &  Carey, 
1990).  The  basic  components  of  an  instructional  strategy 
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are  the  same  regardless  of  which  domain  is  being  ad- 
dressed. There  are,  however,  some  distinctions  in  the 
organizational  stnicturc  for  each  type  of  learning  outcome 
that  can  be  supported  by  specific  cognitive  strategies. 

Hie  design  of  instructional  strategies  for  the  attain* 
ment  of  intellectual  skills  should  focus  on  both  the  way 
learners  have  organized  their  entry  knowledge  and  the 
limits  of  their  ability  to  store  new  information.  These 
strategies  should  provide  ways  for  the  learner  to  link  new 
information  to  existing  knowledge.  They  should  provide 
the  learner  with  specific  ways  of  reorganizing  new 
information  for  storage  along  with  relevant  prior  knowl- 
edge. These  strategies  will  also  increase  the  learners' 
ability  to  recall  the  new  information.  Instructional 
strategies  for  intellectual  skills  should  present  subordinate 
skills  and  concentrate  on  the  distinguishing  characteristics 
of  concqpts  which  combine  to  make  the  "rules".  It  is 
important  to  include  irrelevant  characteristics  and  address 
errors  commonly  made  by  learners.  Designers  should  try 
to  select  examples/instances  that  are  likely  to  be  part  of 
the  learners'  memory.  Transfer  will  be  enhanced  if  the  ID 
progresses  from  familiar  examples  to  less  familiar  ones 
and  then  to  new  instances.  Practice  should  be  tied  closely 
to  the  conditions  and  behaviors  set  forth  in  the  objectives 
and  evaluation  criteria.  Feedback  should  be  a  balance  of 
corrective  and  positive.  Be  cautious  in  evaluation  of 
prwnature  testing  and  of  applying  poor  criteria  forjudging 
the  quality  of  the  skill  development.  Follow-through 
strategies  address  the  iterative  nature  of  ID  by  allowing 
corrective  feedback  after  the  posttest  or  additional 
instruction  on  specific  subordinate  skills. 

The  design  of  instructional  strategies  for  verbal 
information  outcomes  begins  with  inforuiing  the  learner 
of  the  objective.  Try  to  summarize  the  objective  using 
organizational  stnicmres  previously  used.  Transfer  will  be 
facilitated  by  informing  learners  how  they  can  use  this 
information  outside  the  classroom  environment.  The  most 
important  strategy  in  the  presentation  of  verbal  informa- 
tion is  that  the  presentation  occur  within  a  meaningful 
context  for  storing  and  recalling  the  new  information. 
Instnictional  designers  know  this  as  the  process  of 
elaboration.  Gagne  (1985)  suggests  the  more  detailed  the 
elaboration,  the  greater  the  likelihood  that  the  information 
will  be  stored  in  a  logical  place  which  will  cue  learner 
recall.  ID  should  include  practice  activities  that  strengthen 
elaborations  and  cues  and  assist  in  establishing  a  more 
relevant  organizational  structure  for  the  learner.  Feedback 
should  be  straightforward.  It  should  include  the  correct 
response  and  information  about  why  any  other  response  is 
incorrect  Evaluation  strategies  for  verbal  information 
shouW  include  appropriate  recall  cues.  Follow-ihrougb 
activities  for  remediation  may  include  additional  elabora- 
tion strategies,  expanded  organizational  sUategies,  or 
better  motivational  strategies.  Cooperative  learning 


situations  may  provide  die  learner  with  practice  in  recall 
and  coaching,  as  well  as  enrich  elaborations  and  meaning- 
fulness. 

ID  strategies  for  skills  within  tiie  psychomotor  domain 
generally  involve  several  phases.  The  first  phase  is 
concerned  with  the  development  of  an  "executive  routine" 
(a  hierarchical  set  of  directions  Uie  learner  is  to  follow). 
The  stq>s  in  the  routine  become  more  automatic  with 
repeated  practice  and  appropriate  feedback.  Typically, 
presentation  of  psychomotor  insttuction  is  enhanced  by 
some  form  of  visual  representation  for  the  learner.  These 
instructional  strategies  should  carefully  group  meaningful 
and  related  parts  of  the  skill.  Research  has  shown  that  the 
leamer  can  benefit  from  mentally  practicing  the  skill 
before  actually  {Aysically  engaging  in  it.  Actual  practice 
should  be  repetitious  and  immediate  feedback  is  essential. 
Some  complex  skills  may  be  assisted  wiOi  Uie  use  of  a 
job-aid  as  tong  as  die  leamer  is  instructed  in  its  use.  The 
ultimate  evaluation  of  these  skills  rests  on  whether  or  not 
the  leamer  can  perform  the  task.  Transfer  of  psychomotor 
skills  will  be  facilitated  when  testing  is  matched  wiOi  tiie 
learning  context. 

Instructional  strategies  for  the  successful  attainment  of 
an  attitude  are  grounded  in  Uie  theoretical  belief  that 
human  altitudes  consist  of  three  basic  components: 
feelings,  behaviors,  and  cognitive  understanding.  Ideally, 
presentation  of  the  instmction  should  be  by  a  **human 
model"  who  is  respected  and  admired  by  the  leamer.  It  is 
also  helpful  if  the  leamer  can  see  the  model  being 
rewarded  for  the  particular  attitude  being  insmicted.  The 
substance  of  die  instmction  is  the  teaching  of  die  behavior 
tiiat  is  to  be  demonstrated  as  an  attitude.  If  negative 
behaviors  ah-eady  exist,  die  ID  may  need  to  focus  die 
instmction  on  self-awareness  and  teach  alternative 
behaviors  for  die  situation.  Instmctional  strategies  diat 
may  be  employed  are:  simulations,  videotaped  behaviors, 
group  discussions  of  how  peers  judged  leamer  behaviors, 
or  scheduled  observation  of  a  person  who  carries  a 
positive  reaction  for  the  leamer  in  a  critical  situation. 
Practice  must  include  opportunities  to  choose  followed  by 
consistent  rewards/consequences  to  help  ensure  diat  die 
appropriate  behavior  becomes  associated  widi  die  given 
response.  There  is  some  evidence  which  suggests  diat 
attitudes  can  be  learned  vicariously,  so  mental  rehearsals 
may  prove  beneficial  for  practice.  Foliow-dirough 
activities  may  include  additional  insUnction,  a  review  of 
die  directness  and  relevance  of  the  rewards,  and  whether 
unpleasant  consequences  might  be  effective. 

This  audior  believes  that  it  is  dirough  a  blend  of 
cognitive  dieory  and  a  systems  approach  to  instmctional 
design  diat  die  most  effective  learning  situations  can  be 
offered  to  ♦he  leamer.  The  variables  are  many  and  die 
designs  complex,  but  contemporary  research  continues  to 
reveal  bits  of  die  mystery  that  surrounds  how  and  why 
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humans  leam.  It  is  the  application  of  these  liny  bits  of  the 
theoretical  puzzle,  that  fascinates  instructional  designers 
and  allows  them  the  opportunity  to  advance  instructional 
methodology  to  meet  leainer  needs. 
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Never  in  history  has  the  American  educational 
establishment  come  under  such  harsh  criticism. 
The  term  A  Nation  at  Risk  (Gardner,  1983), 
which  apUy  describes  the  potential  result  of  a  decline  in 
the  nation*  s  educational  system,  has  become  part  of  the 
common  vernacular.  Justifiably,  colleges  of  education 
have  borne  the  brunt  of  much  of  this  criticism,  even  to  the 
point  of  being  called  the  graves  of  academe  (Mitchell, 
1981).  State  after  state  has  experimented  with  alternative 
certification,  thus  challenging  the  very  need  for  profes- 
sional education.  It  has  become  apparent  that  educational 
foundations,  once  the  core  of  professional  education,  has 
become  irrelevant  in  today's  information-rich  and 
technological  environment.  Hiere  are  at  least  two  prob- 
lems with  the  traditional  approach  to  educational  founda- 
tions. 

ILe  first  problem  is  tiiat  the  approach  has  not  changed 
much  since  the  turn  of  the  century.  Our  students,  living  in 
a  world  of  information  and  technology,  have  little 
patience  with  this  antiquated  curriculum.  It  is  interesting 
to  note  that  while  foundations  **aculty  believe  Uiey  are 
presenting  students  with  the  cornerstones  upon  which  the 
field  of  education  is  built,  the  students  perceive  the 
courses  as  nearly  totally  irrelevant. 

Ite  second  problem  with  the  traditional  approach  is 
that  the  separate  disciplines  that  encompass  educational 
foundations  bear  litOe  relationship  to  each  otiier.  A 
foundations  department  might  consist  of  educational 
philosophers,  historians,  psychologists,  sociologists,  and 
others.  It  is  difficult  to  argue  Uiat  these  separate  disci- 
plines belong  together.  Because  of  these  problems,  many 
colleges  of  education  around  Uie  country  have  done  away 
with  dieir  foundations  departments.  We  believe  that  this  is 
an  unfortunate  solution  to  the  problem.  We  believe  that 
the  foundations  of  education  must  be  reinvented  rather 
than  be  abandoned.  This  reinventing  must  be  focused  on 
the  answers  to  one  simple  question.  How  do  humans 
learn?  This  is  the  foundation  upon  which  we  must  rebuild. 

Recently,  significant  advances  have  been  made  in  the 
attempt  to  understand  human  learning.  These  advances 
are  so  significant  Uiat  they  have  resulted  in  Uie  emergence 
of  a  new  science  called  cognitive  science.  This  new 
science  is  unified  by  two  principles.  First  is  the  quest  for 
knowledge  about  cognition  and  learning.  Second  is  the 
belief  tiiat  computers  are  a  useful  tool  for  learning  about 
cognition.  We  propose  Uiat  die  new  foundations  of 
education  must  be  based  on  the  latest  fmdings  in  this 
important  field. 

What  is  Cogrtitsve  Science? 

Cognitive  science  is  an  interdisciplinary  science  that 
provides  the  historical,  philosophical,  and  cultural 
contexts  that  we  believe  should  form  the  foundations  of 
education.  Cognitive  science  is  based  upon  research  in  the 
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fields  of  philoFoi)hy,  psychology,  artificial  intelligence, 
neuroscience,  computer  science,  anthropology,  linguistics, 
information  science  and  complexity.  According  to 
Gardner  (1987)  Cognitive  science  is 

...  a  contemporary,  empirically  based  effort  to  answer 
long  standing  epistemological  questions — particularly 
those  concerned  with  the  nature  of  knowledge,  its 
components,  its  courses,  its  development,  and  its 
deployment. 

From  this  definition,  it  is  clear  that  cognitive  science 
deals  with  the  topics  that  are  at  the  heart  of  what  teacher 
education  should  be  all  abi  ^n,  the  study  of  human 
learning.  These  historical,  pnilosophical,  psychological, 
physiological,  mathematical  and  cultural  aspects  of 
cognitive  science  should  be  the  new  foundations  for 
teacher  education. 

Historical  Perspective 

Although  Cognitive  Science  has  only  been  formally 
recognized  as  an  academic  discipline  for  little  more  than 
twenty  years,  it  traces  its  philosophical  origins  back  to  the 
ancient  Greeks.  Platonic  dialogue  and  the  Socratic  method 
explored  the  nature  of  knowledge,  its  origins,  its  structure 
and  its  representations  in  the  human  mind.  Aristotelian 
thought,  the  principle  cornerstone  of  the  Middle  Ages, 
governed  the  theologian's  discussions  about  knowledge. 

Beginning  with  the  Renaissance,  the  empirical 
sciences  attempted  to  answer  these  critical  questions 
using  the  scientific  method.  Descartes,  Kant,  Locke  and 
others  helped  form  the  basis  of  modem  western  notions 
about  cognition.  In  fact,  during  the  Enlightenment 
Giambattista  Vico  even  named  this  endeavor  Scienza 
Nova  ( New  Science)  to  acconunodate  the  new  way  of 
thinking  about  knowledge  (Gardner,  1987). 

Today's  cognitive  scientists,  like  their  counterparts  of 
ancient  times,  ask  the  same  questions  and  search  for  the 
same  knowledge.  However,  they  come  armed  with  a 
bewildering  array  of  technological  tools  unimaginable  just 
twenty-  five  years  ago.  The  basic  research  tool  of  rhe 
cognitive  scientist  is  the  computer,  which  is  used  to  test 
hypotheses  about  how  the  human  mind  worics.  Computers 
and  what  they  will  teach  us  about  cognition  are  destined 
to  form  the  foundation  of  a  new  education  science  for  the 
2ist  century.  Thus,  to  be  effective  in  the  information  age, 
teachers  must  know  in  depth  the  answers  to  such  ques- 
tions as:  What  does  it  mean  to  know  something?  What  are 
the  sources  of  knowledge?  How  do  we  represent  knowl- 
edge? What  is  information?  How  is  it  stored,  retrieved 
and  transmitted?  How  might  it  be  lost?  What  is  its 
economic  worth?  What  is  the  nature  of  individual 
differences?  What  is  a  form,  an  image,  a  concept,  a  word, 
an  idea?  How  do  modes-  of  representation  relate  to  each 


oUier?  Why  do  we  want  to  learn?  What  are  the  constraints 
on  knowing?  What  are  the  limits  of  human  learning,  and 
what  technological  tools  can  we  use  to  facilitate  learning? 

Cognitive  scientists  are  attempting  to  apply  modem 
scientific  methods  to  answer  some  of  these  great  episte- 
mological questions,  lliey  are  not  only  just  revisiting 
these  questions,  but  are  also  applying  new  empirical 
methods  using  such  new  disciplines  such  as  artificial 
intelligence.  Artificial  intelligence  is  a  branch  of  com- 
puter science  and  cognitive  psychology  that  is  concerned 
with  such  deep  questions  as  "what  does  it  mean  to  say 
that  a  machine  can  tiiink."  This  question  is  die  twenty- 
first  century  version  of  the  ancient  Greek  philosophical 
questions.  Thus,  this  modem  day  Scienza  Nova,  with  its 
ancient  origins,  promises  to  yield  untold  intellectual 
riches  to  a  new  generation  of  Americans. 

Features  of  Cognitive  Sconce 

Cognitive  science  is  truly  an  interdisciplinary  ap- 
proach to  studying  learning  and  cognition.  As  diverse  as 
the  fields  that  contribute  to  Cognitive  science  are,  tiiere 
are  several  beliefs  that  unite  tiiem.  Cognitive  scientists 
believe  tiiat  to  explain  learning  one  must  deal  witii  how 
knowledge  is  represented  in  the  bram.  In  positing  tiiis 
representational  level,  cognitive  scientists  are  free  to  look 
at  the  use  of  symbols,  ideas,  schemas,  and  other  abstrac- 
tions. Cognitive  scientists  believe  in  the  importance  of 
using  computers  to  represent  aspects  of  tiiese  abstractions. 
This  is  rooted  in  the  belief  tiiat  the  computer  is  a  good 
model  of  at  least  some  aspects  of  human  thinking. 
Therefore,  the  computer  serves  as  a  way  to  test  research 
hypotheses  about  cognitive  processes. 

From  Snaokestocks  to  Computer  Chips 

The  world  is  rapidly  changing  from  an  industrial- 
basc^d  society  to  an  infonnation-based  society  where 
information  is  increasingly  valued  as  a  major  currency  of 
worth.  Today,  we  are  witnessing  a  dramatic  change  in  the 
method  of  producing  goods.  Cheap  and  reliable  robotic 
technology  is  taking  more  of  the  place  of  human  labor, 
thus  reducing  a  major  production  cost.  As  we  move 
toward  the  21st  Century,  the  major  cost  of  production  will 
not  be  labor,  as  it  is  in  a  smokestack  industry,  but  infor- 
mation. The  ideas,  the  creativity  and  the  intelligence 
needed  to  produce  advanced  products  will  be  of  the 
highest  value.  Information  exists  in  many  forms  and 
exhibits  characteristics  that  the  average  citizen  of  an 
industrial  society  do  no:  understand. 

Information  must  be  processed  and  acted  upon  by 
eiUier  computer  chips  or  organic  neurons.  We  engineer 
computer  software  to  act  upon  this  information  so  tiiat  our 
genetically  engineered  wetware  can  act  upon  it  We  can 
generate,  measure,  manipulate,  reconfigure  and  mold 
information  into  a  product  that  has  intrinsic  value,  just  as 
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we  do  with  steel  in  a  smokestack  industry.  As  such, 
processed  information  acquires  a  value  that  transcends  its 
electrical  representation.  However,  the  similarity  between 
information  and  a  manufactured  product  is  only  transi- 
tory. Unlike  manufactured  products  information,  once 
manufactured,  can  exist  in  more  than  one  place  at  a  time. 
It  can  be  reconfigured  and  given  additional  value.  In  fact, 
it  has  an  infmite  quantity  and  limitless  potential  value. 

As  an  academic  discipline  primarily  engaged  in  the 
processing  and  transmission  of  information,  teacher 
education  has  the  obligation  not  only  to  manufacture  new 
information,  but  also  to  explore,  discover,  and  explain  the 
historical,  philosc^hical,  psychological,  technological, 
and  cultural  aspects  of  those  factors  as  they  relate  to 
cognition.  This  will  prepare  teachers  to  contribute  to  an 
information  based  society.  This  is  the  job  of  cognitive 
science.  It  must  be  part  of  any  21st  Century  educational 
enterprise.  To  ignore  it  in  the  teacher  education  curricu- 
lum is  to  deny  both  our  historical  origins  and  our  future  as 
scholars  in  a  21st  century  society. 

Impliccitions  for  Education 

The  time  has  come  for  educators  to  view  their  field  as 
a  science.  Fortunately,  the  interdisciplinary  field  of 
cognitive  science  seems  to  provide  an  excellent  fit.  With 
its  emphasis  on  mental  representations  and  the  use  of  the 
computer  to  understand  the  mind  and  learning,  cognitive 
science  provides  both  a  foundation  for  potential  teachers 
and  a  research  paradigm  for  university  fa  ity.  It  is  time 
to  transform  teacher  training  to  teacher  education.  This 
education  must  be  based  upon  the  most  current  knowl- 
edge about  learning.  If  schools  of  education  fail  to 
transform  themselves  from  an  industrial  based  enterprise 
to  an  information  based  academic  discipline,  they  may  be 
doomed  to  extinction.  Education  must  take  iti  rightful 
place  among  the  other  cognitive  sciences. 
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Introduction 

Tlie  research  papers  submitted  to  tbis  year's  annual 
demonstrate  an  ever-widening  knowledge  base 
linking  teacher  education  and  technology.  The 
papers  presented  in  this  section  have  been  organized 
around  three  subcategories  of  research:  (1)  collaboration 
in  linking  technology  and  education,  (2)  computers  in  K- 
12  school  curricula,  and  (3)  preservice  teacher  attitudes 
and  skill  acquisition. 

Collaboration  in  linking  technology  and 
education 

The  first  article  in  this  section,  A  SASSl  Partnership: 
Educator/Librarian  Collaboration  to  Promote  Informa- 
tion Literacy,  by  Slaughter  and  Knupp  (Indiana  Univer- 
sity of  Pennsylvania),  reports  on  an  interdisciplinary 
alliance  between  education  and  library  sciences  to  enable 
students  to  develop  transferable  skills  in  the  process  of 
research,  and  reading  and  interpreting  literature  in  any 
field  of  education. 

Barron  and  Ivers  (University  of  South  Florida) 
describe  a  collaboration  between  teleconmiunications  and 
education  in  their  paper.  Eliminating  **TeleConfusion" : 
Telecommunication  Training  Materials  for  Teacher 
Education.  This  paper  describes  a  recently  funded 
development  project  by  the  Florida  Department  of 
Education  and  the  Florida  Information  Resource  Network 
to  provide  telecommunications  training  materials  for 
teachers. 

Coinputers  In  K-12  curricula 

The  purpose  of  a  study  by  Bauder  and  Mullick  (State 
University  of  New  York  Institute  of  Technology  at  Utica/ 
Rome)  was  to  examine  factors  related  to  technological 
change.  Their  article.  Computers  in  K'22  Schools: 
Conditions  related  to  Adoption  and  Implementation, 
focuses  on  the  conditions  that  best  predict  implementation 
of  computers  into  elementary  and  secondary  curricula. 

Teacher  attitudes  and  skill  acquisition 

Students'  Thoughts  and  Feelings  during  Technology 
Skills  and  Concepts  Acquisition,  by  Hunt  and  Bohlin 
(California  State  University,  Fresno)  reports  on  a  study 
designed  to  gain  insight  into  students*  thoughts  and 
feelings  and,  thereby,  identify  specific  classroom  events 
and  teaching  practices  which  promoted  positive  changes. 

In  Developing  the  Computer-Competent  Preservice 
Teacher,  by  Petrakis  (University  of  Nebraska-Lmcoln), 
describes  an  initiative  by  the  faculty  at  the  University  of 
Nebraska-Lincoln  Teachers  College  to  develop  the 
computer  competence  needed  for  preservice  teachers  to 
successfully  integrate  these  skills  into  their  teaching. 
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Introduction 

"It  is  extremely  ironic  that  people  living  in  the 
information  age  feel  more,  rather  than  less,  igno- 
rant. " 

(Halal,  1992,  p.  15) 

In  our  respective  roles  as  social  studies  educator  and 
university  librarian,  we  are  particularly  concerned 
with  the  essential  competencies  of  the  democratic 
citizen  living  in  the  United  States  and  in.  the  global 
village.  Having  agreed  that  information  literacy  and 
information  competency  (see  Kaufman,  1992)  are 
essential  to  the  social  studies,  our  intention  is  to  foster 
the:se  skills  in  social  studies  education.  To  implement  this 
intention,  we  formed  an  interdisciplinary  alliance  between 
education  and  library  sciences  to  address  the  information 
needs  for  U.S.  and  global  citizenship  education.  Our 
partnership  specifically  established  learning  goals  for 
college  students  enrolled  in  a  graduate  social  studies 
education  course  titled  "Recent  Trends  in  Social  Studies." 
We  have  called  our  coUaboration  a  "S AASF*  partnership, 
reflecting  the  information  literacy  abilities  to  Structure, 
Acquire,  Analyze,  and  Synthesize  Information.  In 
creating  this  partnership,  we  provide  essential  practice  in 
research  skills  for  elementary  education  majors  no  matter 
what  their  previous  library  experiences.  Our  collaborative 
efforts  are  designed  to  enable  participants  in  a  social 
studies  course  to  generate  new  knowledge  and  evaluate 
the  results  of  their  individual  and  collective  efforts. 

Much  of  the  motivation  for  our  partnership  was 
derived  from  the  report  of  the  American  Library  Associa- 
tion Presidential  Conunittee  on  Information  Literacy 
(1989).  It  very  clearly  outlines  the  need  for  information 
literacy  in  today's  society  and  gives  concrete  recommen- 
dations for  encouraging  the  development  of  information 
literacy  skills.  Our  SAASI  partnership  was  formed  to 
adopt  the  report's  recommendation  number  5  :  "Teacher 
education  and  performance  expectations  should  be 
modified  to  mclude  information  literacy  concerns"  (p.l3). 

Although  this  particular  partnership  deals  with  social 
studies,  the  structural  format  and  collaboration  could  be 
utilized  with  any  content  area.  This  collaborative  effect 
should  enable  students  to  develop  transferable  skills  in  the 
process  of  research,  and  reading  and  interpreting  literature 
in  any  field  of  education. 

Background 

The  Setting.  Indiana  University  of  Pennsylvania  (lUP) 
is  a  comprehensive  regional  university  in  western 
Pennsylvania  with  a  broad  range  of  undergraduate, 
masters  and  doctoral  level  programs.  Starting  as  a  normal 
school  in  1875,  lUP  has  grown  to  approximately,  14,000 
students.  In  Pennsylvania,  lUP  is  the  second  largest 
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institution  that  prepares  teachers.  The  major  education 
programs,  Early  Childhood  and  Elementary  Education, 
are  housed  m  The  Professional  Studies  in  Education 
department  which  has  the  largest  number  of  students  of 
any  department  on  campus.lTie  lUP  Libraries  reflect  the 
teacher  training  tradition  of  the  institution  by  collecting 
extensively  in  education  materials,  including  multimedia 
materials.  The  Libraries  have  also  adopted  new  technolo- 
gies, such  as  an  on-line  catalog,  CD-ROM  databases,  etc., 
to  access  these  resources. 

Information  Literacy.  In  a  discussion  of  various 
definitions  of  information  literacy.  Demo  (1986)  observed 
that  information  literacy  implies  process  skills  and  their 
development  requires  not  only  "exposure  to  information 
and  the  mstruments  of  access  and  delivery"  (p.8),  but  also 
the  ability  to  evaluate  information  for  problem  solving  or 
decision  making.  Breivik  (1991)  states  that  "today's 
definition  of  literacy  must  include  not  just  the  ability  to 
read,  but  also  the  abihty  to  find  and  evaluate  needed 
information  so  that  the  reader  can  function  and  work  as  a 
productive  member  of  society**  (p.  29).  Horton  (1983) 
views  information  literacy  as  involvmg  awareness  of  the 
knowledge  explosion  and  understandmg  how  computers 
"can  help  identify,  access,  and  obtain  data,  documents  and 
literature  needed  for  problem  solvmg  and  decision 
making**  (p,  16).  Additionally,  Snavely  (1992)  empha- 
sized the  importance  of  the  research  process  as  a  major 
component  of  information  literacy. 

From  these  viewpoints  of  mformation  literacy,  we 
designed  our  collaborative  efforts  to  enable  participants  m 
the  social  studies  course  to  employ  current  technology  in 
their  quest  for  information  and  ideas.  Usmg  SAASl  as  the 
framework,  we  established  performance  expectations  at 
two  levels:  (1)  The  course — ^We  set  expectations  that 
graduate  students  researching  an  area  of  interest  are  able 
to  Structure,  Acquire,  Analyze,  and  Synthesize  Informa- 
tion in  the  area  of  social  studies  education;  and  (2)  The 
individual— We  set  expectations  that  each  student  become 
a  more  enlightened  citizen  and  be  able  to  find  his  or  her 
own  information,  not  only  for  this  course,  but  also  for  "a 
lifetime  of  learning  beyond  the  classroom*'  (Snavely, 
1992,  p.  4). 

Th3  SAASl  Partnership :  Struchiro,  Acquire, 
Analyze,  and  Synthesize  Infomnotion 

Social  Studies,  as  citizenship  education,  is  essentially 
concerned  with  interaction  between  and  within  various 
elements  of  man's  social  environment  and  the  effects  of 
these  interactions.  Because  of  the  rapid  explosion  of 
infonnation  in  our  society  today,  and  the  process  of 
globalization,  social  studies  goals  must  address  the 
information  needs  for  citizenship  in  the  "information 
age/' 


Goals 

Our  partnership  is  designed  to  achieve  four  major 
instructional  goals: 

1 .  Participants  would  acquire  new  approaches  to  research 
and  acquire  information  literacy  skills.  Students  would 
refine  information  seeking  behaviors  they  had  already 
acquired  and  adopt  new  skills  to  round  out  their 
proficiencies. 

2.  Participants  would  realize  the  relevance  of  infonnation 
literacy  as  an  essential  skill  to  their  own  continuing 
education. 

3.  Participants  would  tniild  information  literacy  teaching 
skills  and  begin  to  explore  possibilities  for  incorporat- 
ing these  skills  into  their  own  teaching. 

4.  Participants  would  advocate  the  value  of  information 
literacy  throughout  their  professional  careers. 

Communication  Process 

The  process  of  communication  most  suitable  in  our 
setting  entailed  an  informal,  horizontal  communication 
between  the  Professional  Studies  in  Education  and  the 
University  Libraries  and  Media  Resources  departments. 
The  basic  elements  of  our  SAASl  strategy  were:  1) 
meeting  to  share  the  specific  library  exercises  desif  ned 
for  the  class  mcludmg  the  value  in  the  total  course  grade; 
2)  collaborating  on  the  process  and  content  for  teachmg 
informational  literacy  skills;  3)  determinmg  when  and 
where  in  the  course  is  most  suitable  to  conduct  a  library 
presentation  that  includes  hands-on  leammg  experiences 
for  the  group;  4)  collaborating  on  product  evaluation 
criteria;  and  5)  articulating  a  commitment  to  provide 
individualized  mstruction  following  the  evaluatioi-  of 
each  student's  first  library  assignment. 

Structure,  In  the  settmg  of  the  University  Libraries, 
the  librarian's  presentation  exposed  the  college  students 
to  meaningful  information  about  the  organization  of 
library  materials  and  provided  examples  of  how  to  utilize 
that  structure  for  finding  relevant  infonnation.  Some  of 
the  new  concepts  included  in  the  presentation  were: 
controlled  vocabulary  searching,  logical  operators  (AND, 
OR,  NOT),  and  free  text  searching.  Class  discussion 
focused  on  the  presentation  of  the  ERIC  Tbesaunis  and 
the  Library  of  Congress  Subject  Headmgs.  The  whole 
class  was  mtroduced  to  the  library's  on-line  catalog  and 
the  CD-ROM  ERIC  database,  through  demonstfation. 

Acquire.  The  first  library  exercise  required  each 
student  to  engage  in  a  search  strategy  that  would  yield  as 
many  journal  articles  as  were  available  that  related  to  his 
or  her  research  tq)ic.  Students  were  encouraged  to  utilize 
both  print  and  CD-ROM  databases  to  fulfill  this  segment 
of  the  library  assignment. 
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Analyze,  As  a  result  of  searching  several  preliminary 
sources  (Current  Index  to  Journals  in  Education,  Re- 
sources in  Education,  or  ERIC  on  CD-ROM)  the  students 
were  to  select  two  sources  that  were  most  likely  to  be 
productive  for  the  special  problem  or  area  of  interest.  The 
next  step  required  a  review  of  the  social  studies  literature 
to  decide  about  the  degree  of  importance  of  the  journal 
article  to  the  student's  research  topic.  An  important  skill 
in  this  phase  is  the  ability  to  evaluate  and  classify 
information.  As  each  article  was  identified,  the  student 
was  in  effect  asking  the  question,  "Is  this  article  relevant 
to  my  topic?"  Having  decided  on  the  importance  of  an 
article,  the  next  step  was  to  categorize  his/her  findings 
under  the  headings  Minor  importance  to  the  topic. 
Moderate  importance  to  the  topic ,  otMost  important  to 
the  topic. 

Synthesize  Information.  The  synthesis  process 
required  that  each  student,  as  researcher,  determine 
whether  a  common  thread  existed  within  each  of  the 
articles  and  identify  a  trend.  Through  the  synthesis 
process,  the  students  were  able  to  integrate  newly 
discovered  inf  vimation  and  their  own  experiences  to  form 
a  new  knowledge  base. 

Assessment  Criteria 

Collaboratively,  we  established  specific  criteria  to 
evaluate  the  results  of  the  students'  search  strategjes. 
Each  student  was  required  to  submit  a  written  synopsis  of 
his  or  her  findings  for  each  of  the  three  categories.  From 
our  perspective,  the  ability  to  satisfactorily  summarize 
and  classify  the  journal  articles  and  to  identify  trends 
were  of  primary  importance  for  evaluation.  Other  criteria 
included  evidence  of  skill  in  using  research  tools  and  in 
the  mechanics  of  preparing  a  bibliography. 

Follow-up  Instruction 

The  initial  evaluation  of  the  students*  work  revealed  a 
small  number  who  did  not  complete  the  exercise  satisfac- 
tc.ily.  Our  expectation  for  the  exercise  was  that  all 
students  master  the  information  literacy  skills  vital  to  the 
success  of  the  assignment.  Accordingly,  this  small  group 
of  students  were  given  the  opportunity  to  meet  invlividu- 
ally  with  both  the  course  instructor  and  tlie  librarian  to 
reinforce  the  learning  and  to  redo  the  assignment.  The 
shortcoming  in  all  of  these  cases  was  that  the  student  did 
not  sufficiently  narrow  bis  or  her  topic  to  adequately 
attack  the  proposed  problem.  Through  consultation,  these 
students  were  able  to  refocus  their  efforts  and,  subse- 
quently, complete  the  project  satisfactorily. 

Student  Impoct  and  Reactions 

We  were  able  to  assess  the  impact  of  S  AASI  by 
reviewing  the  finished  library  exercise^  As  a  group,  the 


class  performed  competently.  We  observed  that,  because 
each  student  was  allowed  to  select  an  issue  or  topic  of 
interest  for  research,  a  high  level  of  mastery  of  social 
studies  knowledge  was  attained.  We  also  observed  that 
students  were  able  to  increase  their  proficiency  in 
information  literacy  skills.  They  also  recognized  the  value 
of  these  skills  in  their  lives.  The  following  anecdotal 
data,  reported  by  students  who  participated  in  the  course, 
reinforce  our  impressions  from  evaluating  the  students* 
work: 

Through  my  own  research,  which  I  have  learned  to 
fme  tune,  I  learned  about  integrating  literature  in 
social  studies  and  other  content  areas.  I  have  devel- 
oped an  understanding  of  what  it  means  to  be  globally 
aware  and  I  think  about  such  topics  as  keeping  the  arts 
alive  in  our  public  schools. 

I  learned  there  is  a  great  deal  of  current  research  that 
shows  effective  methods  for  teaching  social  studies. 

I  learned  to  use  better  the  ERIC  system  in  the  library, 
and  to  read,  re?  d,  and  read  articles  and  reform  leports 
to  continue  to  be  current  in  any  discipline. 

I  learned  research  procedures  concerning  issues  and 
trends  in  social  studies  through  evaluation  of  social 
studies  priorities  in  elementary  grades.  Through 
exploration  of  specific  problems  of  interest,  and 
various  activities,  different  modes  of  inquiry  were 
experienced  for  continued  pursuit  of  knowl'^xlge  in 
various  areas  of  thought. 

Reflections 

At  our  university,  the  S AASI  Partnership,  as  we  have 
experienced  it,  is  a  beginning.  We  are  continuing  to 
develop  and  refine  the  instructional  process  using  the  data 
from  our  initial  implementation  of  S  AASI.  Since  we  have 
taken  these  initial  steps,  the  Association  of  College  and 
Research  Libraries  (ACRE),  Education  and  Behavioral 
Sciences  Section  (EBSS)  has  published  new  guidelines 
for  information  retrieval  and  evaluation  skills  for  educa- 
tion students  (1992).  Our  analysis  of  this  document 
affirms  that  our  partnership  provides  a  needed  component 
in  the  educational  process.  Wc  have  concluded  that  the 
students  who  enrolled  in  "Recent  Trends  in  Social 
Studies**  are  better  equipped  to  manage  information  in  the 
rapidly  changing  world.  However,  we  recognize  the  ne^*^d 
for  additional  research  into  further  impacts  of  information 
literacy  education.  Have  we  been  successful  in  fostering 
a  true  appreciation  of  the  benefits  of  information  literacy 
to  our  students?  Will  the  future  teachers  in  our  course  be 
able  to  translate  their  knowledge  and  information  literacy 
skills  in  the  classroom?  Overall,  we  were  gratified  by  our 
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students'  accomplishments  through  our  SAASI  Partner- 
ship. In  future  implementations  of  SAASI,  we  would  be 
in  a  position  to  evaluate  the  true  impact  of  this  collabora- 
tive process. 
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Introduction:  A  Scenario 

At  long  last!  Nfr.  Cronbach  had  just  received  a 
modem  through  a  mini-grant  be  bad  written 
enUUed  "A  Classroom  Without  Walls."  He  had 
heard  several  of  his  colleagues  speak  of  the  wonderful 
potential  of  telecommunications — students  exchanging 
data  and  activities  with  students  in  other  countries,  access 
to  online  database  systems,  information  interchanges 
through  online  conferences,  sharing  ideas  with  other 
teachers.  Mr.  Cronbach  tore  the  modem  out  of  its  box!  It 
came  with  a  manual,  a  power  supply,  a  telephone  line, 
and  a  cable  to  attach  the  modem  to  his  computer.  Thumb- 
ing through  the  manual  and  referring  back  to  his 
computer*  s  user*s  guide,  he  got  everyUiing  connected  and 
plugged  the  phone  line  into  the  phone  jack  the  principal 
had  installed  in  bis  classroom. 

Now,  the  moment  he  had  been  waiting  for:  He  booted 
up  his  communications  software,  clicked  on  "dial,"  typed 
in  the  local  bulletin  board  system  (BBS)  dial-up  number, 
and  clicked  "Ok,"  Silence.  Nothing  appeared  on  the 
screen.  Mr.  Cronbach  waited  a  few  more  seconds  and 
tried  "Redial."  Again,  nothing.  Something  was  definitely 
wrong.  He  checked  his  modem  confections,  but  they  were 
fine.  He  opened  his  software  manual  and  began  reading. 
Parameters?  Handshake?  Stop  Bits?  Parity?  Emulation? 
Port?  He  read  further  and  realized  he  needed  some 
infonnation  about  the  local  BBS.  He  got  his  account 
information  and  found  the  listing  of  possible  settings,  all 
of  which  varied  depending  on  the  communication 
software  being  used.  Things  were  getting  a  little  more 
complicated  than  Mr.  Cronbach  had  anticipated.  He  had 
always  heard  that  telecommunications  was  just  like 
talking  over  the  phone  lines.  This  was  beginning  to  be  a 
little  more  complex  than  plugging  in  a  telephone. 

Mr.  Cronbach  went  back  into  his  software's  setting 
section  and  made  some  choices  based  on  the  infonnation 
he  had  read.  He  clicked  on  "Redial."  This  time  he  beard 
dialing  tones,  followed  by  a  static  sound.  Garbled  letters 
began  racing  across  his  screen.  He  pressed  Return;  more 
garbled  letters  appeared.  He  clicked  on  "Hang-up,"  and 
felt  his  blood  pressure  rising.  He  decided  to  edit  his 
software's  setting  section.  He  changed  the  emulation,  data 
bits,  and  parity.  He  clicked  on  "Redial."  Again,  Mr. 
Cronbach  heard  dialing  tones,  followed  by  a  static  sound. 
Words  appeared  on  the  screen!  Mr.  Cronbach  sighed  with 
relief,  ^atever  he  had  done,  it  obviously  worked.  The 
words  said,  "Please  log  in."  Mr.  Cronbach  entered  his 
name  and  presses*  Return.  An  error  message  appeared. 
The  computer  screen  stared  back  at  him,  "Please  log  in." 
He  knew  he  had  received  a  usemame  for  the  BBS,  so  he 
tried  that  instead.  An  error  message  appeared.  The 
computer  screen  stared  back  at  him,  *  Please  log  in."  Mr. 
Cronbach  had  no  idea  what  "Please  log  in"  meant.  He 
looked  back  at  his  BBS  reference  guide  and  found  die 
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directions  for  the  information  he  needed  to  type.  (Perhaps, 
he  thought,  something  he  should  have  done  in  the  first 
place.)  In  his  haste  to  proceed,  he  incorrectly  typed  the 
log  in  command.  When  he  went  back  to  delete  the 
characters,  his  delete  key  wouldn't  move  the  cursor!  He 
pressed  Return  to  start  again.  Instead  of  the  regular  error 
message,  the  system  came  back  with  the  message,  "Please 
contact  your  local  sysop"  and  disconnected  him. 

Mr.  Cronbach  looked  over  to  his  modem  and  began 
thinking  about  its  potential  as  a  paper  weight.  He  would 
try  one  last  time.  He  clicked  on  *'Redial."  Dial  tones  and 
static  sound  pierced  his  ears.  The  "Please  log  in"  prompt 
appeared.  Slowly  and  carefully,  Mr.  Cronbach  entered  the 
log  in  information.  The  screen  saolled.  Mr.  Cronbach 
sighed.  It  now  asked  for  his  Usemame.  Slowly  and 
carefully,  he  typed  in  his  usemame  from  his  BBS  infor- 
mation guide.  The  screen  saolled.  Next,  the  system  asked 
for  his  password.  Slowly  and  carefully,  he  typed  in  his 
passwoixl  from  his  BBS  information  guide.  The  saeen 
scrolled.  He  was  welcomed  to  the  BBS.  To  make  a  choice 
on  what  he  wanted  to  do,  all  he  had  to  do  was  type  the 
command  and  press  the  GOLD  key  on  his  keyboard.  Mr. 
Cronbach  looked.  None  of  his  keys  were  gold. 


Hie  frustration  and  confusion  that  teachers  may 
experience  when  first  learning  about  telecommunications 
is  an  unnecessary  obstacle  to  providing  students  "class- 
rooms without  walls."  Unfortunately,  lack  of  teacher 
training  and  support  continues  to  be  a  challenge  for 
technological  advancements  in  many  schools.  To  make 
telecommunications  a  less  frustradng  and  confusing 
experience  for  Florida  educators,  the  Rorida  Department 
of  Education,  Bureau  of  Educational  Technology,  and  the 
Florida  Information  Resource  Network  (FIRN)  have 
provided  funding  for  training  materials.  The  components 
of  these  materials  are  described  in  this  paper. 

Background 

Several  years  ago,  FIRN  was  established  by  Uie 
Florida  Legislature  through  the  Department  of  Educadon. 
This  wide-area  telecommunications  network  was  prima- 
rily used  to  connect  data  centers  and  computer  resources 
at  universities,  conununity  colleges,  and  school  districts. 
For  example,  school  districts  could  access  the  system  to 
transmit  attendance  records  to  the  state  office  in  Tallahas- 
see. 

In  199 1,  the  electronic  mail  component  of  the  system 
(FIRNM AIL)  was  expanded  to  provide  free  use  for  all 
public  educators.  Teachers  and  smdents  now  can  retrieve 
information  from  remote  databases  at  the  slate  universi- 
ties, including  the  online  library  catalogs  and  ERIC 
(Educational  Resources  Information  Center).  They  can 
also  download  a  weekly  teacher's  guide  to  NewsWeek  or 
image  files  of  satellite  weather.  In  addition,  Uirough 


FIRNMAIL,  educators  can  send  and  receive  messages  to 
other  educators  throughout  the  state  and  participate  in 
conferences  of  common  interests. 

To  meet  the  needs  of  FIRN  users,  there  are  ten 
technical  support  personnel  (FIRNTECs)  located  at 
various  sites  diroughout  the  state.  Using  telephones  or 
electronic  miail,  the  FIRNTECs  provide  assistance  on 
hardware  and  software  issues.  They  also  conduct  training 
sessions  for  teachers  and  administrators. 

The  FIRNTECs  have  been  extremely  successful  in 
meeting  the  technical  needs  of  the  network.  They  do  not, 
however,  have  the  time  to  produce  the  range  of  instruc- 
tional materials  required  by  new  FIRN  users.  For  that 
reason,  the  Florida  Center  of  Instmctional  Technology 
(FCIT),  one  of  four  "satellite"  centers  funded  by  the 
Florida  Department  of  Education  to  assist  educators,  was 
asked  to  design  and  develop  a  variety  of  products, 
including  a  booklet  on  teleconmiunications  basfcs, 
computer  tutorial/simulations,  and  brochures. 

Booklet  on  Telecommunication  Bosics 

Telecommunications  vocabulary,  such  as  parity,  half- 
duplex,  and  terminal  emuladon,  are  almost  a  "foreign" 
language  to  many  educators.  In  addition,  it  can  be 
frustrating  for  novices  in  the  field  to  detennine  which 
modem  to  buy,  how  to  connect  it,  and  how  to  ensure  the 
proper  software  settings.  To  provide  guidance  for  teach- 
ers, a  booklet  endtled  Telecommunications  Basics  was 
written.  The  booklet  is  composed  of  four  main  sections, 
including: 

1.  Educational  Applications  for  Teleconmiunications. 
This  section  ouUines  several  advantages  provided  by 
utilizing  telecommunications  in  educational  environ- 
ments. Broad  areas,  such  as  "access  to  experts,"  are 
expanded  with  short  case  studies  of  actual  implemen- 
tations. 

2.  Hardware.  The  hardware  section  provides  procedures 
for  selecting  and  installing  the  hardware  components. 
DetaUed  graphics  are  provided  to  illustrate  Uie 
configurations  required  to  connect  a  modem  to  an 
Apple  He,  Apple  GS,  Macintosh,  and  MS-DOS 
computer. 

3.  Software.  In  the  software  section  of  the  booklet, 
educators  are  introduced  to  the  concepts  and  settings 
required  for  baud  rates,  stop  bits,  terminal  emulation, 
and  other  parameters.  Sample  teleconununication 
software  programs  are  referenced  as  examples  of 
communication  settings. 

4.  Commercial  Systems.  The  final  portion  of  Telecom- 
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munications  Basics  is  devoied  to  commercial  systems 
for  telecommunications.  A  brief  description  of  each 
system  is  included,  as  well  as  contact  infonnation. 

The  booklet  also  includes  several  appeiKlices,  includ- 
ing a  generous  glossary  of  terminology,  a  list  of  technical 
support  personnel,  and  dial-up  numbers  for  local  access  to 
the  state  network. 

Computer  Tutoriol/Sinrvukrticn 

Florida  provides  a  free  electronic  mail  system 
(FIRNMADL)  for  educators.  Although  it  is  primarily  a 
menu-driven  system,  new  users  often  need  help  with  the 
interface.  For  example,  the  software  was  originally 
developed  for  a  VAX  mainframe  and  several  of  the 
commands  refer  to  a  "Gold"  key.  There  is  no  "Gold"  key 
designated  on  microcomputers,  and  users  can  easily 
become  frustrated  looking  for  one. 

Another  feature  of  the  FIRNM  AIL  software  that  can 
cause  confusion  is  the  concept  of  the  electronic  folders. 
Each  user  automatically  has  five  folders  (Inbox,  Outbox, 
Created,  Read,  and  Wastebasket).  Knowledge  of  these 
folders  is  important  for  users  to  find,  retrieve,  and  delete 
their  messages. 

In  order  to  provide  a  means  by  which  educators  can 
familiarize  themselves  with  FIRNMAII.,  a  computer 
simulation  was  developed.  This  program  enables  users  to 


practice  creating  and  sending  messages  without  obtaining 
a  FIRNM  AIL  account,  a  modem,  or  a  telephone  line. 

The  computer  program  was  designed  with  four  major 
categories.  Each  category  is  a  Main  Menu  selection  that 
can  be  accessed  in  any  order,  or  repeated,  if  desired. 
Throughout  the  program,  maximum  learner  control  is 
provi  ;d  with  permanent  options  such  as  Review,  Retuni 
to  Menu,  and  Exit.  In  addition,  users  can  access  a  course 
map  to  determine  their  location  or  navigate  through  the 
pro/:  -  .  A  glossary  of  terms  is  permanently  available 
also.    ^  xogram  contains  the  following  sections: 

1.  Telecommunications  Basics.  The  first  section  of  the 
program  provides  introductory  information  on 
telecommunications.  Configuration  requirements  are 
outlined  and  illustrations  are  provided  for  connecting 
modems  to  various  computer  types.  In  addition, 
communication  software  settings  are  defined  with  a 
simulated  screen.  Students  also  interact  with  the 
program  to  enter  dialing  instructions  in  the  software 
(see  Figure  1). 

2.  Introduction  to  FIRNMAIL.  The  second  portion  of  the 
lesson  focuses  on  FIRN  and  FIRNMAIL,  After 
providing  background  information,  the  program 
introduces  the  concept  of  electronic  folders  for  storing 
n*<^,ssages.  In  order  to  make  the  abstract  concept  of 


Nome: 


Phone  Number: 


Dtaling  In 


3of  e 


The  Dial  Service  screen 
requires  the  nome  and  number 
of  the  service  you  wish  to 
coll. 


Type  TIRN'  In  the  first  row 
under  ''Name:"  and  press  the 
Tab  Key. 


Concel  )  [   Okay  )  [    Dial  ) 


Figure  1.  Sample  dial-up  screen. 
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Figure  2.  Animated  message  folders. 
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Figure  3.  Captured  system  screen. 
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folders  more  concrete  for  the  users,  the  program 
includes  animations  depicting  the  movement  of 
messages  from  folder  to  folder  (see  Figure  2). 

3.  FIRNMAIL  Simulation.  The  third  segment  contains  a 
detailed  simulation  of  FIRNMAIL.  Students  can 
emulate  the  exact  keystrokes  and  procedures  required 
to  create,  send,  read,  index,  and  delete  messages  (see 
Figure  3).  Hxe  lesson  is  very  realistic  and  uses  the 
student's  name  to  produce  a  FIRNMAIL  identification 
name  similar  to  that  of  the  FIRNMAIL  system. 

4.  Applications.  The  final  section  of  the  courseware 
provides  information  on  applications.  A  list  of  the 
names  and  focus  areas  of  several  commercial  applica- 
tions is  included.  The  address  and  telephone  number 
of  the  vendors  are  also  provided  for  those  seeking 
further  information  (see  Figure  4).  Similar  information 
is  included  for  applications  that  are  specific  to  Florida 
andFIRN. 

Brochures  for  Electronic  Access 

In  addition  to  FIRNMAIL,  Florida's  educators  can 
access  several  other  electronic  databases  through  FIRN. 
These  systems  are  free  of  charge  and  are  available 
through  local  dial-up  access  numbers.  The  systems 
itK:lude: 


•  LUIS  (Libraor  User  InfonnaUon  System).  LUIS  is  the 
online  card  catalog  system  of  library  materials  found 
within  Florida's  State  University  System. 

•  ERIC  (Educational  Resource  Information  Center). 
ERIC  is  a  large  database  of  educational  journals  and 
reference  materials. 

•  FCEDS  (Florida  Curriculum  Inf onnation  Database 
System).  This  application  provides  information  for 
teachers  and  guidance  counselors  in  Florida. 

•  Free  for  Teachers  Database.  This  database  is  an 
automated  clearinghouse  of  Florida-based  programs, 
materials,  and  other  environmental  education  infonna- 
tion. 

The  database  systems  are  boused  at  various  mainframe 
COTiputers  throughout  the  state  and  do  not  have  standard- 
ized interfaces.  For  example,  FCIDS  uses  an  IBM 
mainframe  and  users  must  emulate  PF  keys  for  com- 
mands, FREE  for  Teachers  requires  users  to  conununicate 
with  KP  (keypad)  commands,  and  FIRNMAIL  utilizes 
GOLD  keys. 

In  addition  to  the  confusion  caused  by  the  non- 
standardized  interfaces,  each  system  has  a  very  different 
and  unique  log-on  and  log-off  procedure.  To  provide 
some  guidance  for  users  and  to  enhance  the  use  of  these 
systems,  quick  reference  guides  and  brochures  were 
developed  for  each  application.  The  quick  reference 
guides  provide  clear  and  concise  procedures  for  accessing 


National  Geographic  Kids 
Network  provides  specific 
curriculum  projects  for  national 
classroom  participation, 

«  Grades  3-12 

*  Pre-set  curriculum  units 

*  Emphasis  on  Science 

*  Eight  week  units 

National  Geographic  Society 
Educational  Services 
P.O.  Box  9801 8 
Washingtoa  DO  20090 
(800)  368-2728 

Cwt;  luWon end  3oftwe;unikfw;addiUontl  online li^       PrinfS«r4.  R^tvjrn 

Figure  4.  Sample  commercial  application  screen. 
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and  exiting  the  systems.  They  are  produced  on  card  stock 
and  connected  with  a  ring  for  ease  of  use. 

The  brochures  expand  on  the  quick  reference  guides 
and  provide  additional  information  on  the  use  of  the 
systems.  Substitution  keystroke  commands  for  terminal 
emulation,  sample  searches,  and  dial-up  access  numbers 
are  outlined  in  the  brochures. 

Conclusion 

The  booklet,  brochures,  and  simulation  are  being  used 
to  encourage  and  enhance  the  use  of  telecommunications 
and  FIRNMAE.  in  Florida.  Through  these  products, 
teachers  can  obtain  information  and  practice  in  the  basics 
of  telecommunications.  Florida  now  has  additional 
materials  to  help  teachers  explore  telecommunications 
and  become  *TeleConfident." 
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Introduction 

Wy  have  computers  not  become  the  promised 
indispensable  classroom  mstnictional  tool? 
Why  is  it  that  only  a  few  teachers  have 
accepted  the  use  of  the  computer  as  part  of  their  instnic- 
tjonal  activities,  while  others  ignore  it  altogether  or 
relegate  it  to  a  comer  of  the  classroom  for  infrequent  use 
by  selea  students?  In  some  schools,  computer  use  is 
carefully  planned  and  integrated  into  the  curriculum;  in 
others,  computers  are  the  focus  of  a  separate  curriculum; 
while  in  many,  computer  use  is  as  varied  as  the  teachers 
themselves  (OTA,  W88).  The  present  study  investigates 
factors  that  facilitate  or  hinder  integration  of  the  compute 
as  an  instructional  tool  throughout  the  primary  and 
secondary  educational  system^ 

Bockground 

Two  general  spheres  of  inquiry  were  found  to  be 
relevant  to  the  study.  These  included  research  on  change 
in  general  and  on  more  narrowly  defined  technological 
change  in  education. 

Research  on  change  has  focused  on  several  different 
aspects  that  may  affect  the  degree  of  adoption,  implemen- 
tation, or  institutionalization  of  an  innovation.  A  sample 
of  these  dimensions  follow. 

Reasons  for  change: 

Projects  adopted  for  opportunistic  reasons  are  less 
likely  to  have  the  support  and  commitment  of  local 
participants  than  those  in  which  the  project  represented  a 
response  to  problem  solving  in  the  district  (Berman  & 
McLaughUn,  1975). 

Structure  of  the  system: 

Both  the  structure  of  the  individual  district  and  the 
larger  educational  system  are  important  factors  in  the 
diffusion  of  educational  innovations.  Few  incentives 
encourage  individuals  to  counter  existing  organizational 
patterns  and  practices  (House,  1976;  Rogers  &  Agarwala- 
Rogers,  1976). 

Organizational  and  individual  concerns: 

Individual  behaviors  are  a  function  of  individual  and 
organizational  factors  such  as  interpersonal  relationships, 
institutional  goals,  and  participative  planning  (Buchanan, 
1969;  House,  1976).  Individual  concerns  of  the  user  form 
a  key  component  to  the  Concerns-Based  Adoption  Model 
(CB AM)  (Hall  &  Hord,  1987). 

Fidelity  to  the  Innovation: 

To  what  degree  is  an  innovation  that  has  been  modi- 
fied still  the  innovation  planned?  Studies  that  conHnn  or 
deny  successful  results  of  innovative  programs  must  first 
verify  what  is  being  studied  (Berman  &  McLaughlin, 
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1975*  Hillson  &  Hyman,  1971;  Hall  &  Hord,  1987). 

Personal  characteristics: 

Although  organizational  structure  and  goals  and 
personal  concerns  must  be  considered,  personal  character- 
istics also  play  an  important  role  in  the  acceptance  of 
innovation  (Watson,  1969;  Klein,  1969;  Knupfe. .  1990). 
Change  agents  must  be  prepared  to  adapt  to  the  different 
personality  types  of  both  early  adopters  and  resistcH^. 

Systemic  conditions: 

This  perspective  includes  aspects  of  each  of  the  above 
dimensions  within  the  system,  rather  than  being  a  separate 
dimension.  Models  that  incorporate  a  systemic  view  also 
acknowledge  the  interaction  of  components  within  the 
system  (Ely,  1990;  Berman  &  Pauly,  1975). 

Although  each  approach  for  examining  dimensions  of 
change  has  a  different  focus,  there  is  considerable  overlap 
in  the  categorizations  and  some  models  incorporate  the 
best  features  of  others. 

Studies  of  computer  use  in  schools  have  been  con- 
cerned with  issues  of  effectiveness  (Kulik  &  Kulik,  1991) 
or  with  aspects  of  implementation  such  as  student/ 
ccHnputer  ratios,  types  of  hardware  and  software,  or 
policies  concerning  computer  use  in  schools  (Bruder, 
1988;  1989;  Goodspeed,  1988).  OOier  literature  deals  with 
attitudes  toward  computers  or  preservice  and  inservice 
training  issues  (Carey,  Carey,  Willis  &  Willis,  1991; 
1992). 

Few  studies  have  taken  a  more  systemic  view  of 
factors  that  may  be  related  to  implementation  of  comput- 
ers in  schools  (Winkler  &  Stasz,  1985;  Plomp,  Pelgrum  & 
Steememan,  1990).  In  these  studies,  surveys  identifying 
factors  to  facilitate  or  hinder  computer  use  were  restricted 
to  either  computer-using  teachers  or  technologically 
advanced  schools.  These  studies  therefore  failed  to  obtain 
viewpoints  of  both  computer  users  and  non-users  in  a 
broad  range  of  schools  and  settings. 

Drawing  upon  the  literature  and  personal  experience 
as  a  change  facilitator,  Ely  (1990)  proposed  a  list  of  eight 
conditions  that  facilitate  the  implementation  of  techno- 
logical innovations: 

1)  dissatisfaction  with  the  status  quo: 

There  must  be  a  reason  for  members  of  the  system  to 
want  to  change,  either  unhappiness  with  current 
methods  or  outcomes  or  at  least  an  openness  to 
change. 

2)  knowledge  and  skills  exist: 

The  end  users  of  the  innovation  must  have  the  ability 
to  implement  it  or  there  must  be  provisions  within  the 
system  for  training. 

3)  resources  are  available: 

Appropriate  and  sufficient  resources  to  support  the 


innovation  must  be  available  and  accessible  to  end 
users. 

4)  time  is  available: 

Time  to  learn  the  innovation,  to  prq>are  for  its  use,  and 
to  use  it  in  practice  are  all  necessary  for  successful 
implementation. 

5)  rewards  or  incentives  exist  for  participation: 

Does  the  system  provide  rewards,  financial  compensa- 
tion, or  recognition  that  would  motivate  individuals  to 
participate  in  the  implementation  of  the  innovation? 

6)  participation  is  expected  and  encouraged: 
Participation  of  all  constituencies,  especially  the  end 
users,  in  planning,  implementation,  and  evaluation 
assures  a  sense  of  having  had  a  significant  impact  on 
the  process.  Participants  therefore  have  a  vested 
interest  in  the  outcomes  of  the  innovation, 

7)  conmiitment  by  those  who  are  involved: 
Administrators  at  both  the  district  and  building  level,  as 

well  as  those  with  day-to-day  involvement  with  the 
program,  must  suj^rt  the  innovation. 

8)  leadership  is  evident: 

Commitment  or  support  alone  is  not  sufficient. 
Successful  programs  do  not  just  happen;  they  are 
orchestrated.  Leadership,  too,  must  be  evident  at  all 
levels  of  the  system. 

Using  Ely's  (1990)  eight  conditions  as  a  framework, 
the  present  study  identified  the  set  of  factors  which  best 
predict  implementation  of  computers  in  the  instructional 
process.  For  this  study,  instructional  computer  implemen- 
tation was  defined  as  the  use  of  computers  for  teaching  or 
learning  but  did  not  include  use  as  a  management  or 
productivity  tool. 

Method 

Three  hundred  twenty-five  teachers  in  twenty-five 
schools  resiwnded  to  a  survey  designed  to  tap  estimates  of 
their  instructional  use  of  computers  and  their  perceptions 
of  Ely's  eight  conditions  within  their  schools.  Schools 
that  participated  in  the  survey  are  within  a  100  mile  radius 
of  Utica,  NY  and  represent  a  range  of  grade  levels  and 
geographic  settings.  Both  public  and  private  (parochial) 
schools  participated  in  the  study. 

Perceptions  of  the  eight  conditions  were  measured  by 
asking  teachers  to  indicate  their  level  of  agreement  with 
forty  statements,  five  for  each  condition.  The  statements 
were  developed  from  qperational  definitions  of  the  eight 
conditions  and  related  studies.  Prior  to  field  testing, 
content  validity  was  determined  by  consensus  ol"  judg- 
ment by  experts.  Responses  were  coded  on  a  six  point 
scale  with  items  stated  in  both  positive  and  negative 
directions  to  control  for  response  bias.  An  esthnate  of  the 
respondents'  perceptions  of  the  presence  of  each  condi- 
tion, was  determined  by  sunmiing  responses  to  the  sub- 
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scales  for  that  condition. 

Although  instructional  computer  use  has  several  facets 
the  questions  addressed  in  this  paper  are  whether  teachers 
use  computers  and  the  amount  of  time  computers  are 
used.  Teachers  were  asked  if  they  use  computers  for 
instructional  purposes.  Those  who  do  were  asked  for  an 
estimate  of  tiie  number  of  hours  per  year  computers  were 
used  for  instruction. 

Results  and  Discussion 

Demographics 

Seventeen  school  districts  agreed  to  participate  in  \be 
survey.  Three  hundred  twenty-five  teachers  from  twenty- 
five  schools  responded,  witii  response  rates  within  schools 
ranging  from  10%  to  100%.  In  two  schools,  die  low 
response  rate  occurred  because  only  computer-using 
teachers  were  asked  to  fill  out  the  survey.  These  two 
schools  account  for  only  two  percent  of  die  responses. 

A  wide  variety  of  schools  were  represented  in  die 
study.  Grouped  according  to  geographic  setting,  grade 
levels,  and  governance,  die  number  of  schools,  number  of 
respondents,  and  percent  of  respondents  in  each  of  tiiese 
categories  can  be  found  m  Table  1 . 

In  addition  to  die  school  related  factors  listed  above, 
the  following  demographic  information  was  obtained: 
number  of  years  teaching,  number  of  years  in  the  school, 
tenure  status,  highest  degree  earned,  number  of  additional 
graduate  hours,  grade  level,  subjex:t  area,  age,  and  gender. 

The  sample  of  teachers  speared  to  be  typical  of  die 
profession  as  a  whole.  Teachers'  ages  ranged  from 
twenty-two  to  sixty-four  widi  a  mean  of  forty-two. 
Seventy-six  percent  of  die  teachers  were  female. 

The  average  number  of  years  in  teaching  was  sixteen 
while  the  average  number  of  years  teachers  had  been  at 


tiieir  particular  school  was  eleven.  Eighty-two  percent  of 
die  teachers  reported  having  tenure  while  eight  percent 
were  in  non-tenure  track  positions.  These  findings  suggest 
diat  teachers  in  die  sample  are  bodi  experienced  and 
established  in  dieir  careers. 

The  analyses  indicated  diat  the  sample  of  teachers  had 
strong  credentials.  All  but  one  percent  held  degrees. 
While  forty-one  percent  of  ttie  teachers  had  bachelor's 
degrees,  approximately  ninety  percent  had  taken  graduate 
hours.  Fifty-eight  percent  had  earned  master's  degrees  or 
higher. 

All  grade  levels  and  subject  areas  were  also  repre- 
sented in  die  study.  The  distribution  of  grade  level  (see 
Table  1)  indicates  Uiat  forty-four  percent  of  die  respon- 
dents teach  in  elementary  schools,  13.5%  are  in  middle  or 
junior  high  schools,  and  42.5%  are  at  tiie  high  school 
level.  In  addition  to  die  traditional  academic  areas,  special 
education,  art,  music,  physical  education,  and  gifted  and 
talented  programs  were  also  included. 

Analysis  of  Conditions  Related  to  Computer  Use 
Although  most  teachers  (74%)  indicated  diat  diey  do 
use  computers  for  mstruction,  more  teachers  at  the 
elementary  level  (84%)  dian  at  die  middle  or  high  school 
level  (59%  and  68%,  respectively)  use  computers.  Chi- 
square  analyses  revealed  a  significant  association  between 
school  level  and  use  of  computers  (p  <  .0007).  Comments 
by  teachers  suggested  diat  differences  in  computer  usage 
at  different  grade  levels  may  be  a  reflection  of  more  rigid 
curricula  at  die  higher  grade  levels  or  may  be  related  to  a 
perception  of  inadequate  resources  for  specialized  subject 
areas. 

A  series  of  t-tests  were  perfonr.ed  to  detennine 
differences  between  computer  users  and  non-computer 


Table  1 

Survey  Response  by  School  Characteristics 


#  schools  #  respondents  %  respondents 


Setting 

niral 

suburban 

urban 

18 
3 
4 

242 
18 

63 

75 
6 
19 

Building  Level 

elementary 
middle/jr  bigb 
higb  scbool 

13 

3 
9 

143 
44 
138 

44 

13.5 

423 

Governance 

private 
public 

2 
23 

14 
311 

4 

96 
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Table  2 

Perceptions  of  Eight  Conditions 


N=325 

C!otnniit£r 

Nnti  v^AiTi  nu  r 

P 

Users 

Users 

Dissatisfaction 

21.11 

21.56 

1.19 

.237 

Knowledge 

21.55 

14.59 

-10.40 

.000 

Resources 

17.75 

14.73 

-4.13 

.000 

Time 

15.92 

12.49 

-5.40 

.000 

Incentives 

19.09 

17.89 

-1.70 

.092 

Participation 

17.61 

11.25 

-11.08 

.000 

Commitment 

23.74 

19.76 

-6.94 

.000 

Leadership 

18.39 

15.11 

-4.84 

.000 

users  in  their  perceptions  of  the  eight  conditions.  These 
results  are  displayed  in  Table  2. 

Significant  differences  were  found  on  all  but  two  of 
the  ccnditions.  The  small  difference  in  the  condition 
dissatisfaction  with  the  status  quo  is  not  unexpected. 
Whether  or  not  teachers  use  computers,  many  would  like 
to  see  changes  made  to  teaciiing  in  general  and  to  the  use 
of  computers  in  teaching.  A  sense  of  dissatisfaction  may 
stem  from  frustrations  resulting  from  a  lack  of  other 
conditions,  such  as  knowledge  and  skills,  or  access  to 
resources. 

The  second  condition  that  did  not  achieve  statistical 
significance  was  rewards  and  incentives.  Some  incentives 
have  been  built  into  the  teaching  profession,  such  as 
salary  increments  for  graduate  or  inservice  credit.  This 
study  measured  the  degree  to  which  such  extrinsic 
rewards  exist.  It  did  not  attempt  to  identify  intrinsic 
rewards. 

Two  of  the  largest  differences  between  teachers  who 
do  not  use  computers  and  those  who  do  was  found  for 
knowledge  and  skills  and  participation.  Teachers  who  do 
not  use  computers  feel  that  they  lack  sufficient  knowledge 
and  skills  to  use  them  in  the  classroom 

„on.u.«.  =  14.59  vs.  mean     =  21.55). 

The  results  of  the  t-tests  are  supported  by  examination 
of  the  open-ended  questions.  When  teachers  who  do  not 
use  computers  were  asked  why,  the  most  conrunonly  cited 
reasons  were  lack  of  access  to  hardware  (56%),  lack  of 
access  to  softwaie  (42%),  lack  of  knowledge  (38%),  and 
insufficient  time  to  use  computers  (35%). 

The  differen':*es  on  participation  shows  that  this  group 
also  is  considerably  less  likely  to  feel  that  they  are  part  of 
the  decision-making  process  with  respect  to  computers 
than  an^  computer-using  teachers 

(inean  ^^^^^  =  1 1 .25  vs.  mean  _  =  17.61). 
Although  perceptions  of  participation  were  not  tapped 


by  the  open-ended  questions,  comments  by  teachers 
suggest  that  they  believe  that  unless  they  aie  involved  in 
the  decision-making  process,  they  will  be  excluded  from 
access  to  resources. 

Numbers  of  teachers  who  currently  use  computers  is 
only  one  indicator  of  adoption.  Another  indicator  that  v.  as 
considered  is  amount  of  time  C(xnputers  are  used. 
Although  seventy-four  percent  of  the  respondents 
indicated  that  they  do  use  computers,  when  asked  to 
estimate  the  amount  of  time,  their  answers  varied  from 
one  to  over  two  hundred  hours  per  year. 

To  examine  conditions  related  to  the  dimension  of 
time  more  fully,  Pearson  product-moment  correlations 
were  calculated  to  investigate  interrelationships  among 
the  eight  conditions  and  time  spent  using  computers.  The 
values  of  the  correlation  coefficients  are  reported  in  Table 
3. 

Consistent  with  the  findings  of  the  t-tests,  time  using 
COTiputers  was  related  to  knowledge  and  skills  (r^Al)  and 
to  participation  (n=.37).  Not  only  was  dissatisfaction  with 
the  status  quo  not  related  to  computer  time,  the  correla- 
tions indicated  that  even  when  there  was  a  statistically 
significant  conelation,  the  amount  of  variance  accounted 
for  by  the  correlation  was  low.  There  were  significant 
relationships  among  the  other  seven  conditions,  however. 

Only  correlation  coefficients  of  .31  or  larger  were 
considered  to  be  of  any  practical  significance.  This 
criterion  is  commonly  used  in  the  literature.  Using  this 
criterion,  the  only  pairs  of  the  remaining  seven  conditions 
that  did  not  achieve  significance  were  rewards  and 
incentives  with  participation  (n=.22)  and  rewards  and 
incentives  with  knowledge  and  skills  (r=.25).  These 
results  are  counter-intuitive  to  the  assumption  that  the 
way  to  increase  participation  in  innovations,  and  therefore 
affect  knowledge  and  skills  is  to  offer  incentives  to 
teachers.  Although  beyond  the  scope  of  this  study,  these 
results  suggest  that  the  types  of  incentives  that  motivate 
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Tables 


Variable  CT 


Compute:  Time 

1.  Dissat. 

2.  Knowledge 

3.  Resources 

4.  Time 

5.  Incentives 

6.  Participation 

7.  Commitment 
S.  Leadership 

*p<.01  **p<.001 


.05 


4 

5 

6 

7  NNNN8 

,*tl 

90** 

oa** 

.11 

.37** 

.29** 

.26** 

A1 
.01 

Ifi** 

.15 

.06 

.19** 

.17* 

.36** 

.48** 

.25** 

.52** 

.48** 

,40** 

.jl** 

.40** 

.40** 

.56** 

.59** 

.43** 

.46** 

.46** 

.54** 

.22** 

.43** 

.46** 

.47** 

.53** 

.60** 

Table  4 

Stepwise  Regression  of  Conditions  Predicting  Connputer  Time 


step 


Variable 


R 

R, 

F-ratio 

P 

.41 

.16 

60.71 

.0000 

.45 

.20 

37.3 

.0000 

.46 

.21 

26.82 

.0000 

Knowledge 

Participation 

Resources 


teachers  should  be  examined  more  closely. 

A  similar  pattern  of  results  emerged  from  a  stepwise 
multiple  regression  analysis  calculated  to  identify 
conditions  that  are  the  best  predictors  of  time  spent  on 
computers.  A  summary  of  the  regression  can  be  found  in 
Table  4  showing  relative  contributions  of  the  predictors. 
Knowledge  and  skills  was  the  single  best  predictor  of 
computer  time,  accounting  for  16%  of  the  variance. 
Participation  md  Resources  v/eie  the  only  other  condi- 
tions that  entered  into  the  MR  equation,  accounting  for  an 
additional  5%  of  the  variance. 

Conclusions 

While  there  are  clear  differences  between  those 
teachers  who  use  computers  and  those  who  do  not,  the 
most  striking  and  obvious  factor  distinguishing  them  is 
knowledge  and  skills.  Until  teachers  become  comfortable 
with  computers  it  is  not  reasonable  to  expect  them  to  use 
them  in  teaching.  What  may  not  be  so  obvious  is  the 
importance  of  participation  as  a  predictor  of  computer 
use.  Participation  may  be  a  result  of  both  personal 
characteristics  and  organizational  structure.  Teachers  may 
not  participate  in  decision-making  because  of  their  own 
personal  inclinations  or  because  the  organization  does  not 
afford  them  the  opportunity.  Teachers  who  do  not  or 
cannot  influence  decisions  may  become  disenfranchised 
and  lose  interest  altogether. 

While  availability  of  resources  also  appears  to  be  an 
important  predictor  of  time  spent  using  computers,  it  did 


not  weigh  as  heavily  as  knowledge  and  skills  sxid  partici- 
pation. Because  of  the  strong  relationships  among 
resources,  leadership,  and  commitment,  it  may  be  difficult 
to  determine  which  of  these  conditions  plays  the  most 
significant  role.  Further  analyses  are  required  to  define 
the  interrelationships  among  these  conditions. 

One  final  conclusion  that  can  be  drawn  from  the  study 
is  that  extrinsic  rewards  and  incentives  may  not  be  as 
effective  as  commonly  believed  for  the  implementation  of 
technological  innovations.  It  may  be  that  personal 
commitment  plays  a  more  significant  role  and  that 
intrinsic  rewards  and  incentives  should  be  considered. 

Future  research  should  focus  on  refinement  of  the  list 
of  possible  conditions,  their  operational  defmitions, 
dimensions  of  computer  use,  and  the  interrelationships 
among  them.  This  type  of  research  should  lead  to  the 
development  of  reliable  and  valid  indices  for  these 
variables  which  will  enable  researchers  to  develop  more 
comprehensive  conceptual  models  of  technological 
innovation. 
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Comput0r  Um  by  K-12  Educators 

Just  as  computers  have  infiltrated  society  at  large,  they 
have  entered  K-12  education.  The  U.S.  Congress's 
Office  of  Technology  Assessment  (OTA,  1988) 
reports  that  as  of  1987, 95%  of  all  American  schools  used 
miaocomputers  in  their  instructional  program;  however, 
only  half  of  all  teachers  report  using  computers  in  their 
instruction. 

Major  factors  contributing  to  this  incongruous 
situation  are  teacher  knowledge  and  attitudes  (OTA, 
1988,  p,  87),  Z(  nan  (1986)  reported  the  results  of  a  1985 
survey  of  over  2  million  school  teachers  by  the  Corpora- 
tion of  Public  Broadcasting  in  which  31%  of  the  respon- 
dents felt  uncomfortable  using  computers  and  13% 
reported  avoiding  computers. 

The  authors  have  extensive  experience  teaching 
introductory  computer  education  courses  to  preservice 
and  inservice  teachers.  Many  students  who  enter  these 
classes  wil'  make  verbal  statements  (e.g.  "I  dreaded 
taking  this  class  so  much  I  put  it  off  until  Jie  very  end  of 
my  program**)  which  signal  high  levels  of  anxiety.  Often 
this  fear  is  accompanied  by  negative  comments  about 
computers  ("I  hate  computers**)  and  a  lack  of  confidence 
in  their  abilities  to  succeed  ("I*  ve  never  been  any  good  at 
math  or  machines'*). 

During  the  semester,  most  students  will  lessen,  if  not 
completely  eliminate,  their  previous  anxiety  and  develop 
more  positive  attitudes  about  ccxnputers  and  their  ability 
to  use  them.  By  the  end  of  the  semester,  some  of  these 
same  students  will  have  convinced  themselves  that  they 
absolutely  must  buy  a  computer  for  home  and  school  use. 

The  purpose  of  this  study  was  to  gain  insight  into 
students*  thoughts  and  feelings  and,  thereby,  identify 
specific  classroom  events  and  teaching  practices  which 
promoted  these  positive  changes. 

Design  of  the  Study 

The  study  involved  the  ninety  students  enrolled  in  four 
sections  of  a  three-unit  course  titled  '^Educational  Appli- 
cations of  Microcomputers**  during  tiie  Spring,  1992 
semester.  Students  (68  female  and  22  male)  ranged  in  age 
from  21  to  55.  All  were  eitiier  preservice  or  inservice 
school  teachers. 

As  thoughts,  feelings,  and  attitudes  cannot  be  ob- 
served, journal  writing  was  chosen  as  tiie  primary  means 
of  data  collection.  Students  were  required  to  keep  a 
journal  throughout  die  semester.  They  were  directed  to 
write  reflective  entries  after  each  class  and  were  given 
some  guidance  regarding  the  nature  of  the  entries  and 
foraiat  expected.  The  journals  were  gatiiered  approxi- 
mately four  weeks  into  the  semester  so  that  the  instructors 
could  give  students  feedback  on  tiieir  initial  work. 

At  die  end  of  die  semester  tiie  journals  were  carefully 
analyzed  for  comments  which  signalled  "Ah-ha!** 
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experiences  and  meaningful  changes  in  student  attitudes 
and  feelings.  In  order  to  cooixiinate  responses  with 
classroom  events,  the  comments  were  organized  by  time 
intervals  and  class  topics. 

Findings 

Classroom  events  which  positively  influence  student 
attitudes  and  feelings  were  most  often  tied  to  the  success- 
ful completion  of  an  assignment.  For  example,  following 
the  printing  of  their  first  wordprocessing  document, 
students  made  conunents  such  as    learned  something 
BIG  for  me — I  learned  how  much  faster  I  can  get  my  term 
papers  done!"  *The  computer  is  starting  to  become  my 
friend,"  and  "[understanding  spell  check]  gave  me 
positive  feelings  towards  computers  and  has  prompted  me 
to  agree  to  a  computer  for  home  use."  It  should  be  noted 
thai  these  statements  of  attitudinal  change  came  very  early 
in  iiie  semester —  after  the  second  or  third  class  session. 

As  each  topic  was  presented,  attention  would  turn  to 
K-12  applications.  For  example,  after  students  had 
teamed  to  use  Apple  Work's  wordprocessing  application, 
the  class  would  discuss  the  teaching  of  writing  as  a 
process  and  how  the  computer  can  facilitate  writing 
instruction.  After  learning  the  database  application,  the 
class  would  discuss  levels  of  questioning  and  how 
databases  can  be  used  to  promote  students*  higher  order 
thinking  skills.  Student  comments  included,  "I  can  sec 
how  wordprocessing  would  stimulate  children  to  write 
more"  and  "I  can  see  the  relevance  of  using  databases  in 
my  subject  area." 

Teaching  methods  relied  heavily  on  a  *'tell,  show,  do" 
sequence.  For  example,  the  professor  would  talk  about  an 
aspect  of  wordprocessing,  demonstrate  the  feature,  and 
have  students  try  it  for  themselves.  Many  students 
indicated  that  this  direct,  hands-on  approach  eased  their 
anxiety.  One  student  wrote,  "I  have  discovered  that  I  learn 
better  if  someone  demonstrates  and  shows  me." 

Other  methods  included  bringing  in  or  referring  to 
non-electronic  examples  of  databases  and  spreadsheets, 
reviewing  previous  learning  by  having  students  tell  the 
professor  how  to  complete  a  sequence,  role  play  and  class 
discussion  of  ethics  and  equity  issues,  and  cooperative 
group  assignments.  Many  students  indicated  that  linking 
computer  concepts  to  concrete  examples  increased  their 
understanding.  One  student  wrote,  "Introducing  databases 
with  index  cards  helped  me  understand  the  basic  idea." 
Others  reported,*TJsing  the  tactile  mode  got  me  to  deal 
with  numbers  and  nothing  gets  me  to  deal  with  numbers," 
and  *The  role-play  activity  helped  me  understand  the 
ethical  issues  involved  in  software  copyright." 

Students  liked  working  in  cooperative  groups  and 
helping  each  other.  They  reported  seeing  great  value  in 
reviewing  software  in  cooperative  teams.  Several  said  that 
having  other  students  help  them  in  class  greatly  eased 


their  anxiety  level.  One  student  proudly  wrote,  "Helping 
another  student  figure  out  what  was  wrong  [with  her  Logo 
procedure]  made  me  feel  like  a  HHRO." 

Summary 

Students  appreciated  the  instructors*  intentional  low- 
key,  hands-on  approach.  By  establishing  an  accepting 
atmosphere  and  giving  assignments  which  were  relevant 
to  student  concerns  and  experience,  students  who  had 
entered  the  class  with  anxiety  and  negative  feelings 
frequently  changed  within  the  first  two  weeks  of  class. 
About  halfway  through  the  semester,  students  began 
expressing  a  growing  confidence  in  their  computing 
abilities.  These  statements  of  confidence  often  accompa- 
nied those  in  which  students  reported  having  successfully 
completed  assignments  and/or  helping  other  students 
debug  programs  and  complete  assignments. 

Throughout  the  semester,  as  classroom  applications 
were  discussed,  students  wrote  comments  regarding  using 
the  computer  in  their  classrooms.  Students  who  were 
practicing  teachers  and  had  access  to  computers  often 
made  oral  requests  for  more  technical  information  needed 
to  implement  computer  instruction  and  proudly  reported 
the  results  of  theii  computer-based  lessons  with  their 
children.  Statements  and  journal  entries  such  as  "...  my 
attitude  toward  using  a  computer  in  my  classroom  has 
changed.  I  can  see  how  they  can  and  should  be  used  to 
enhance  lessons  and  concepts  taught  prior  to  ccmiputer 
use**  are  indications  of  commitment  toward  using  COTiput- 
ers  in  their  K-12  instruction. 

Implicatior^ 

If  the  uremendous  potential  computers  can  bring  to 
educational  practices  is  ever  to  be  realized,  the  people 
who  design  and  deliver  curriculum  (i.e.,  the  classroom 
teachers)  must  become  proficient  users  of  the  medium  and 
must  understand  how  to  effectively  apply  it  within  their 
instructional  program.  Positive  attitudes  are  prerequisite 
to  teachers  adopting  technology  in  their  classroom.  Thus, 
it  is  critical  that  these  teachers  be  prepared  in  a  manner 
that  makes  them  comfortable  with  the  technology  and 
enthusiastic  users  in  their  classrooms. 
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Introduction 

Teachers  must  be  adequately  prepared  to  use  the 
computer  as  teaching  and  learning  tools.  In  order 
for  preservice  teachers  to  be  able  to  use  computers 
with  their  students,  our  curriculum  must  provide  learning 
opportunities  for  that  skill  developmenL  Recognizing  the 
need  to  have  all  teacher  candidates  be  computer  compe- 
tent before  entering  the  teacher  education  program  and  the 
preservice  teaching  experience,  guidelines  outlining  entry 
level  computer  competency  skills  required  fx  ^.U 
preservice  teacher  were  written.  The  guidelines  were 
presented  to  the  University  of  Nebraska-Lincoln  Teachers 
College  Faculty  and  were  approved.  This  paper  describes 
a  baseline  assessment  of  the  computer  skills  of  Hrst  year 
students  and  third  year  students  and  an  assessment  plan. 
This  assessment  impacts  preservice  teachers  by  teaching 
them  the  skills  necessary  to  integrate  technology  into  the 
curriculum. 


Measure  of  Computer  Competence 

The  TC  entry  level  computer  competencies  ai^roved 
by  the  Teachers  College  Faculty  (May.  1992),  include 
five  skills:  word  processing,  use  of  a  data  base/spread 
sheet,  use  of  graphics,  use  of  electronic  host  (e.g., 
networks,  e-mail),  and  the  ability  to  assemble  and  to  care 
for  a  personal  computer.  To  determine  the  current 
computer  competencies  of  preservice  teachers,  a  five- 
question  survey  was  developed  based  on  the  the  entry 
level  computer  competencies. 

Students 

The  1992  first  year  class  Ls  the  first  group  of 
preservice  teachers  required  to  meet  the  minimal  com- 
puter competencies  before  entering  the  teacher  education 
program  in  their  third  year.  Since  all  first  year  students 
are  required  to  take  the  Foundations  of  Modem  Educa- 
tion, each  section  of  this  class  was  selected  to  paiticipate 
in  the  survey.  The  Audiovisual  Materials  Class,  a  third 
year  level  course,  was  selected  because  this  class  cur- 
rently teaches  computer  skills  needed  to  design  and  to 
develop  educational  materials.  A  total  of  255  first  year 
students  from  the  ten  (10)  CI  131  classes  and  92  third 
year  students  from  the  CI  359  class  completed  the  survey 
during  the  first  or  second  class  session  of  the  1992  Fall 
Semester. 


Survey  Results 

The  results  of  the  survey  are  revealed  by  first  present- 
ing the  first  year  students'  data  which  is  followed  by  the 
third  year  students*  data. 

The  majority  of  the  first  year  students  (84.3%)  and 
third  year  students  (66.3%)  have  had  one  or  more  classes 
dealing  with  computer  skills.  A  few  students  (4.3%; 
2.1%)  stated  that  they  learned  computer  skills  in  high 
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Table  1 

Fall  1992  UN-L  Computer  Survey  of  Freshmen  (CM  31)  and  Junior  (CI359)  Students 

CI  131 


N  =  25£ 


% 


N  =  92 


1. 

(a) 
(b) 
(c) 
(d) 
(e) 
(f) 

1. 

(a) 
(b) 
(c) 
(d) 
(e) 
(0 
(g) 

2. 

(a) 

(b) 

(0 

(d) 

(e) 

(0 

(g) 

3. 
3.1 
(a) 
(b) 

3.2 
(a) 
(b) 

3.3 
(a) 
(b) 

3.4 
(a) 
(b) 

3.5 
(a) 
(b) 


How  maiiy  computer  class(es)  did  you  have  in  high  school? 

none  40  15.7 

one  120  47.1 

two  49  19.2 

three  24  9.4 

fourormore  11  4.3 

integrated  in  courses  1 1  4.3 


31 
46 
10 
3 
0 
2 


If  you  did  not  have  a  computer  class  in  high  school,  how  did  you  learn  to  use  a  computer? 


no  experience  9 

on  own  18 

classes  outside  of  school  2 

parentsA)rother/sister  3 

job  trmning  7 

college  course  2 

friend  2 

What  type  of  computer  did  you  use? 

Apple/Mac  105 

IBM/compatible  63 

both  70 

Commodore  5 

Tandy  1 

none  7 

unknown  4 


20.9 
41.8 
4.7 
6.9 
16.3 
4.7 
4.7 


41.2 
24.7 
27.5 
1.9 
.4 
2.7 
1.6 


I  have  the  following  computer  skills  to: 
Use  a  word  processing  program  to  create  documents, 
yes  221  86.7 

no  34  13.3 

Use  a  database  and  a  spread  sheet  program  to  produce  data  and  graphics, 
yes  125  49.0 

no  130  51.0 

Use  an  electronic  host  system  (e.g.,  network,  e  mail), 
yes  37  14.5 

no  218  85.5 

Assemble  a  computer  (put  together  your  personal  computer), 
yes  46  18.0 

no  209  82.0 


Maintain/c^e  for  a  computer  system, 
yes  93 
no  162 


36.5 
63.5 


2 
25 
3 
0 
3 
0 
0 


35 
14 
37 
0 
1 
1 
4 


83 
9 


27 
65 


5 

87 


8 

84 


17 
75 


CI  359 

% 


33.7 
50.0 
10.9 

3.3 

0 

2.1 


6.0 
75.8 
9.1 
0 

9.1 

0 

0 


38.1 
15.2 
40.2 
0 

1.1 
1.1 

4.3 


90.2 
9.8 


29.3 
70.7 


5.4 
94.6 


8.7 
91.3 


18.5 
81.5 


continued  on  next  page 
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Table  1  (continued  from  previous  page) 

CI  131  CI  359 

 N=;2SS   %  N  =  92  % 


4. 

If  you  were  to  be  tested  for  your  competence  in  the  above  skills,  how  would  you  do  this? 

(a) 

'Standardized  test 

59 

23.1 

3 

3.3 

(b) 

KOjects 

173 

67.8 

76 

82.6 

(c) 

both 

6 

2.4 

8 

8.7 

(d) 

no  response 

17 

6.7 

5 

5.4 

5. 

Do  you  own  a  computer? 

(a) 

no 

166 

65.1 

68 

73.9 

(b) 

yes 

81 

31.8 

24 

26.1 

(0 

no  response 

8 

3.1 

0 

0 

(d) 

Type:  Apple/Mac 

27 

33.3 

10 

41.6 

(e) 

IBM/compatible 

37 

45.7 

12 

50.0 

(0 

Commodore 

4 

4.9 

1 

4.2 

(g) 

Tandy 

3 

3.7 

0 

0 

(h) 

word  processor 

2 

2.5 

1 

4.2 

(i) 

both  Apple/IBM 

3 

3.7 

0 

0 

(j) 

home  made 

1 

1.3 

0 

0 

(k) 

no  response 

4 

4.9 

0 

0 

school  courses  such  as  English,  journalism,  math  and 
chemistry.  If  students  did  not  have  such  opporiunilies  ui 
high  school,  they  learned  computer  skills  on  their  own 
(41.8%;  75.8%),  or  as  part  of  job  training  (16.3%;  9.1  %). 

It  was  surprising  to  find  that  many  of  the  students 
(27.5%;  40.2%)  used  both  Apple  and  IBM  during  their 
training.  However,  most  students  were  trained  on  Apple 
or  Macintosh  computers  (41.2%;  38.1%)  followed  by 
IBM  or  IBM  CompaUble  computers  (24.7%;  15.2%).  A 
majority  of  the  students  (65.1%;  73.9%)  did  not  own  a 
computer.  Even  though  more  students  were  tiained  on 
Apple/Macintosh  computers,  they  purchased  IBM 
(45.7%,  50%)  more  than  Apple  (33.3%;  41.6%). 

Tbe  majority  of  students  (86.7%;  90.2%)  used  the 
computer  for  word  processing.  Some  students  have  used  a 
data  base/spread  sheet  (49%;  29.3%)  but  only  14.5%  of 
the  first  year  students  and  5.5%  of  the  third  year  students 
have  used  some  type  of  electronic  host.  Few  students 
(18%;  8%)  know  how  to  assemble  a  personal  computer, 
but  more  first  year  students  (36.5%)  than  third  year 
students  (18.5%)  know  how  to  care  for  a  computer. 

The  students  were  asked  how  they  would  prefer  to 
have  their  competencies  assessed.  Tlie  majority  of  the 
students  (67.8%;  82.6%)  wanted  a  hands-on  project  to 
demonstrate  their  computer  competencies. 

The  results  of  this  survey  supplied  baseline  infMma- 
tion  on  the  computer  skills  of  the  1992  Teachers  College 
Freshmen  class  and  the  1992  Junior  preservice  teachers.  It 


has  also  aided  in  developing  the  assessment  plan  by 
indicating  where  the  students  needed  additional  skill 
development. 

AssMsfYient  Plan 

Since  the  majority  of  the  students  preferred  a  hands-on 
project  to  demonstrate  their  computer  competencies  and 
skills,  the  following  two-part  assessment  plan  was 
developed.  The  first  part  is  a  self-paced  instruction  project 
in  which  the  student  learns  the  necessary  software 
programs  for  the  establishment  of  an  educational  portfo- 
lio. The  portfolio  will  include:  (a)  a  personal  photograph 
and  a  data  sheet;  (b)  a  resume;  (c)  a  graph  and  a  para- 
graph  explaining  how  students  spend  tbeir  daily  time  (this 
is  converted  into  a  visual  transpju*ency  for  presentation); 
(d)  an  infonmational  poster  that  is  dry-mounted  for 
presentation;  (e)  a  ten-question  multiple-choice  quiz 
using  a  single  page  and  a  double  page  fonnat;  and  (f) 
communications  with  others  using  an  electronic  host  such 
as  TC  forum.  These  activities  were  selected  because  they 
are  based  on  the  guidelines,  they  integrate  computer 
skills,  and  they  are  curncular  and  professional  materials 
used  by  a  teacher. 

After  the  students  complete  their  educational  portfo- 
lio, an  appointment  is  made  to  do  part  two,  the  final 
assessment  project  This  assessment  is  completed  under 
supervision  of  the  assessment  director.  The  final  project  is 
a  combination  of  the  portfolio  activities  designed  into  a 
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newsletter  and  is  graded  Pass  or  No  pass.  If  students  do 
not  pass,  they  will  repeat  the  final  project  until  it  is 
acceptable. 

FocuttiM  end  Instructional  Materiol 

The  Teachers  College  Teaching  Technology  Enhance- 
ment Center  was  established  specifically  to  help  students 
who  need  individual  assistance.  Students  enrolled  in  the 
Audiovisual  Classes  and  those  completing  the  first  part  of 
the  assessment  (portfolio  development)  are  encouraged  to 
drop-in  to  receive  help.  Two  student  assistants  with 
computer  knowledge  are  available  to  assist  these  students. 
Help  sheets  on  the  use  of  software  packages  (Microsoft 
Word,  SuperPaint,  PageMaker  and  Excel)  as  well  as  the 
instructional  material  for  developing  a  portfolio  were 
designed  and  distributed  to  the  first  year  students  on 
computer  disks.  All  of  this  information  is  also  available 
on  the  computers  in  the  TC  Assessment  Room  and  on  the 
server  in  the  TC  Instructional  Design  Center. 

Conclusion 

This  program  is  in  its  the  first  year  of  implementation. 
All  students  entering  teacher  educafion  must  meet  the 
prescribed  entry  level  computer  skills.  Since  the  aim  of 
this  reqoirement  is  to  develop  computer-competent 
preservice  teachers,  mastery  of  various  skills  and  softv/are 
packages  are  necessary  to  produce  a  portfolio  of  curricu- 
lar  and  professional  materials.  The  baseline  data  will  aid 
in  determining  the  effectiveness  and  progress  of  the  TC 
entry  level  technology  skills  program.  The  ultimate 
measure  of  the  impact  of  this  assessment  will  be  if  these 
students  have  the  skills  necessary  to  integrate  technology 
into  their  teaching. 

Elizabeth  Petrakis  is  Associate  Professor,  University  of 
Nebraska  Lincoln,  Scfwol  of  Health,  Physical  Education 
and  Recreation,  Lincoln,  Nebraska,  68588-0229. 
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Introduction 

The  research  poition  of  this  year's  annual  is  (Uvided 
into  four  sections.  The  studies  in  Section  one, 
Teacher  and  Student  Attitudes  Toward  Technol- 
ogy, focus  on  various  aspects  of  teachers'  and  students' 
attitudes  toward  technology.  Section  two,  Research  on 
Access  and  Use  ofTecfmology,  includes  four  studies  that 
examine  the  access  and  use  of  technology  in  school 
districts.  Section  three,  Evaluative  Studies,  includes 
several  studies  that  evaluate  state-wide  initiatives  on 
technology  as  well  as  local  projects  on  technology.  In  the 
final  section.  Chaos  and  Order,  we  find  two  articles  that 
{H^nt  contrasting  points  of  view  of  research  in  the  field 
of  technology  and  teacher  education. 

Teacher  and  Student  Attitudes  Toward 
Technology 

In  the  study.  Effects  of  Computer  Experience  on 
Computer  Attitudes  among  Preservice,  Inservice,  and 
Postulant  Teachers,  Cliff  Liao  found  that  the  longer  the 
exposure  of  computers  and  the  more  types  of  computers 
which  education  majors  had  experience,  the  more 
positive  attitudes  they  had  developed.  He  also  found  that 
there  were  several  significant  differences  among  the 
preservice,  inservice,  and  postulant  teachers.  In  their 
article,  Preservice  Teachers*  Computer  Attitudes  in  Nan- 
Computer  Classes,  John  McEneaney  and  his  colleagues 
found  that  three  factors  account  for  preservice  teachers' 
attitudes  toward  computers:  (a)  positive  feelings  for 
computers,  (b)  utility  of  computers,  and  (c)  negative 
feelings  for  computers. 

In  her  article.  Education  Students'  Attitudes  Toward 
the  Effectiveness  of  Instructional  Technology,  Yolanda 
Padron  investigated  education  students'  atdtudes  towards 
the  effectiveness  of  various  types  of  instructional  technol- 
ogy. She  found  that  education  students  generally  had 
positive  attitudes  toward  various  types  of  technology,  but 
they  also  thought  that  the  use  of  technology  generally  was 
more  appropriate  at  the  high  school  level  than  the 
elementary  school  level. 

Susan  Huang's  study.  Investigating  Middle  School 
Students*  Attitudes  Toward  Calculator  Use,  alerts  us  of 
the  finding  that  although  students  see  the  positive  benefits 
of  using  calculators,  they  are  also  concerned  about  its 
uses.  Many  students  do  not  think  that  they  should  be 
allowed  to  use  calculators  udring  tests  and  many  think 
that  calculators  will  decrease  their  computational  ability 
and  estimation  skills.  Suprisingly,  Huang  did  not  find  any 
sex-related  or  ehtnic-related  differences  among  students 
on  their  attitudes  toward  calculators. 

Research  on  Access  and  Use  of  Tec^mology 

In  this  section,  there  are  four  studies  that  fcKUS  on  the 
accessibility  and  use  of  technology  in  schools.  In  his 
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study,  Technology  Access  and  Use  in  Urban,  Suburban, 
and  Rural  Eighth  Grade  Mathematics  Classrooms,  Emiel 
Owens  examines  the  access  and  use  o;  technology  in 
urban,  suburban,  and  rural  eighth  grade  mathematics 
classrooms.  The  results  of  his  study  indicate  that  rural 
teachers  reported  that  they  were  less  likely  to  use  technol- 
ogy than  teachers  from  suburban  and  urban  schools. 
Urban  teachers  also  reported  that  their  students  were  more 
likely  to  use  cwnputers  for  remediation  than  suburban  and 
rural  teachers.  In  the  next  article  of  this  section,  Investi- 
gating Computer  Use  in  Elementary  and  Middle  School 
Inner-City  Classrooms,  Hersh  Waxman  and  Susan  Huang 
examine  the  extent  to  which  computer  technology  was 
integrated  into  the  curriculum  of  200  elementary  and 
secondary  school  inner-city  classrooms.  Systematic 
classroom  observations  revealed  that  there  was  virtually 
no  integration  of  computer  technology  in  these  classes. 

In  the  next  study  in  this  section,  Classroom  Observa- 
tions of  Middle  School  Students'  Technology  Use  in 
Mathematics,  Susan  Huang  and  Hersh  Waxman  con- 
ducted systematic  classroom  observations  in  middle 
school  mathematics  classrooms  to  examine  whether  or  not 
there  were  gender,  ethnic,  or  grade-level  differences  in 
students*  use  of  technology.  The  multivariate  of  analysis 
results  revealed  that  there  were  only  grade-level  differ- 
ences among  students  on  their  use  of  technology*  In  the 
last  study  of  this  section.  Instruction  with  Technology: 
Differences  Between  Experienced  and  Novice  Teachers, 
Janice  Mitchell  and  her  colleagues  investigated  differ- 
ences between  experienced  and  novice  teachers*  class- 
room instruction  and  use  of  technology  in  middle  school 
mathematics.  The  results  mdicated  that  there  were 
significant  differences  between  experienced  and  novice 
teachers  on  their  classroom  instruction,  but  they  did  not 
observe  any  significant  differences  between  the  groups  on 
teachers*  instruction  with  technology  nor  on  student 
activities  with  technology. 

Evaluativ0  Studies 

In  this  section,  there  are  two  state- wide  evaluation 
studies  and  the  other  articles  either  focus  on  specific 
projects  or  ways  to  collect  evaluative  data.  The  Roblyer 
and  Barron  study.  Technology  in  Teacher  Education:  A 
Florida  Study,  was  conducted  to  investigate  issues  related 
to  the  integration  of  technology  in  teacher  education 
programs  m  Florida.  Several  faculty  members  at  each  of 
the  nine  state  universities  were  interviewed  through  a 
questionnaire  that  focused  on  three  aspects  of  technology 
integration:  (a)  the  degree  to  which  technology-based 
skills  are  being  addressed  in  major  content  areas;  (b)  the 
amount  of  perceived  access  that  students  and  faculty  have 
to  technology  resources;  and  (c)  the  obstacles  that  faculty 
perceive  are  impacting  their  use  of  technology  in  teacher 
education  courses.  Trish  Stoddart  and  her  colleagues* 


study.  School  Restructuring  Through  an  Educational 
Technology  Initiative:  One  State's  Experience,  examined 
the  state  of  Utah*  s  plan  for  hnplementing  technology  m 
school  disuicts  and  colleges  of  education.  They  found  that 
computer  vendors  were  influential  in  software  and 
hardware  installation  and  in  teacher  training.  The  results 
also  indicated  that  computer-assisted  instruction  improved 
the  mathematics  and  reading  scores  of  low-achieving 
students. 

In  her  study.  Technology  Development  for  Educators: 
Three  Models  of  Implementation,  Lynne  Schrum  de- 
scribes an  investigation  of  three  school  districts  as  they 
developed  models  for  technology  implementation,  to 
gather  reflections  from  those  involved  and  to  inform 
future  energies  to  this  end.  The  White,  Troutman,  and 
Chancey  study,  Accessing  ICLAS  Network  Log  Data  to 
Quantify  Student  Computer  Usage  in  Relation  to  Course 
Performance  and  Attitude  Change,  found  that  there  were 
no  changes  in  preservice  teachers*  attitudes  about  the  use 
of  computers  in  schools* 

Mary  Planow  and  her  colleagues*  study,  Structuring 
Teachers'  Attitudinal  Changes:  A  Follow-up  Study, 
examines  a  project  designed  to  prepare  teachers  to 
integrate  computers  into  the  curriculum  through  mtensive 
inservice,  access  3  resources,  and  follow-up  support.  Pre- 
and  post-tests  were  designed  to  capture  teachers*  percep- 
tions of  computers  and  of  their  comfort  and  skill  levels 
with  respect  to  using  computers  for  instruction.  Changes 
in  attitudes  after  one  year  were  measured  by  t-test 
analyses  using  paired  samples*  In  the  final  article  in  this 
section,  Susan  Anderson*s  article.  Research  on  Educa- 
tional Telecomputing:  Collecting  Data  Via  Computer, 
discusses  the  availability  and  use  of  telecomputmg 
networks  in  education  and  raises  issues  about  how  to 
implement  and  effectively  apply  them.  This  study  used  a 
telecomputing  system  for  data  collection  and  found  that 
the  methodology  employed  appeared  to  be  effective. 

Choos  ond  Order 

In  this  fmal  section,  two  extreme  points  of  view  of 
educational  research  are  presented:  (a)  chaos,  and  (b) 
research  paradigms  and  methods  in  technology  and 
teacher  education.  In  their  paper.  Chaos  and  Education, 
Ralph  Cafolla  and  Dan  Kauffinan  discuss  the  science  of 
chaos  and  its  significance  to  education.  The  authors  also 
provide  a  provocative  discussion  on  how  education 
systems  are  dynamic  systems  that  require  rwnlinear 
solutions  rather  than  traditional  linear  methods.  They 
believe  that  chaos  is  an  electrifying  frontier  for  education 
and  holds  much  promise  fw  a  deeper  understanding  of 
human  learning,  and  hence  to  teacher  education.  The 
other  article  m  this  section.  Conducting  Technology  and 
Teacher  Education  Research:  The  STATE  Monograph,  by 
Hersh  Waxman  and  George  Bright  introduces  the 
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research  monograph,  Approaches  to  Research  on  Teacher 
Education  and  Technology  (Waxman  &  Bright,  1983), 
and  briefly  describes  the  articles  that  comprise  it.  In 
addition,  they  suggest  ways  for  improving  the  research  on 
technology  and  teacher  education  are  made. 

Future  Dircictions 

In  the  their  last  chapter  on  the  future  of  research 
technology  and  teacher  education.  Bright  and  Waxman 
(1993)  discuss  several  areas  in  the  study  of  technology 
and  teacher  education  that  hold  promise  for  improving 
educators.  The  articles  in  the  present  annual,  however, 
also  suggest  several  areas  that  need  additional  inquiry. 
Research  related  to  teacher  and  student  attitudes  toward 
technology,  for  example,  needs  to  be  continued.  This 
paradigm  should  also  be  expanded  to  include  other 
outcome  measures  such  as  behavior  in  classrooms  or 
academic  achievement  Studies  on  the  access  and  use  of 
technology  in  schools  need  to  begin  to  focus  on  other 
outcome  measures,  too.  In  particular,  we  need  to  know 
under  what  conditions  should  technology  be  integrated 
into  the  curriculum  and  why.  Evaluative  research  studies 
similarly  serve  a  very  important  role  in  the  field  of 
technology  and  teacher  education.  Evaluation  results 
often  impact  educational  policy  and  {H'actice  and  more 
evaluative  studies  of  technology  projects  need  to  be 
conducted  and  disseminated  to  the  public. 
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Effects  of  computer 
experience  on  computer 
attitudes  among 
preservice,  inservlce,  and 

postulant  teaciiers 

Yuen-kuang  Cliff  Liao 
National  Hsinchu  Teacher  College 


The  microcomputer  as  a  new  technology  has  been 
widely  used  in  the  nation's  schools.  The  number 
of  canputers  in  use  in  schools  has  increased  at  an 
unprecedented  rate.  Wright  (1984),  for  example,  reported 
that  in  1982, 38%  of  schools  had  computers,  but  in  1988, 
91%  of  schools  had  computers  (Ordovensky,  1989).  By 
the  end  of  the  1980s,  the  number  of  microcomputers  in 
use  in  schools  was  estimated  to  be  2.4  million  (Becker, 
1990). 

While  microcomputers  have  been  increasingly  used  in 
schools,  students'  and  teachers'  attitudes  toward  them 
were  also  noticed.  When  computers  are  introduced  into 
the  classroom,  studenu'  attitude  toward  this  new  technol- 
ogy may  influence  their  ability  to  use  them  successfully. 
Studies  have  identified  significant  relationships  between 
computer  attitudes  and  computer  literacy  among  college 
students  (Dambrot,  Watkins-Malek,  Silling,  Marshall,  & 
Carver,  1985;  Mercoulides;  1988;  Wiggins,  1984). 
Clement  (1981)  reported  that,  in  general,  students' 
attitudes  toward  computer-based  courses  have  been  found 
to  be  positive  among  students  in  junior  high  schools,  high 
schools,  community  colleges,  and  colleges.  These  positive 
attitudes  toward  computers  make  the  interaction  with 
computers  a  pleasant  and  rewarding  experience.  Positive 
attitudes  increase  the  prospect  for  achievement  in  any 
academic  endeavor,  whereas  negative  attitudes  make 
achievement  of  competence  less  likely  (Loyd  and 
Gressard,  1984).  Many  studies  examined  students' 
attitudes  toward  computers  at  varied  school  levels  (e.g., 
Campbell,  1989a;  1989b;  Chen,  1986;  Collis  &  Williams, 
1987;  Loyd  &  Gressard,  1984;  1986;  1988)  and  reported 
that  factors  such  as  gender  and  prior  computer  experience 
may  have  some  influence  on  students'  liking  of,  anxiety 
about,  and  confidence  in  using  computers. 

Significant  correlations  between  computer  attitudes 
and  computer  literacy  have  been  found  among  educators 
by  Brooks  (1987),  Coffey  (1984),  Mitchell  (1985),  and 
Newman  (1982).  Teachers'  attitudes  toward  computers 
can  also  influence  students*  computer  attitudes.  A  number 
of  studies  have  investigated  teachers'  attitude  about 
school  use  of  computers  and  anxiety  about  computers 
(Kay,  1989;  Koohand,  1987;  Marshall  &  Bannon,  1986). 
However,  very  little  research  has  specifically  looked  at 
the  possible  differences  on  ccHnputer  attitudes  among 
preservice,  inservice  teachers,  and  postulants  (i.e.,  post 
bachelor  students  working  for  teaching  certification). 

The  major  purpose  of  the  present  study  was  to 
examine  the  effects  of  prior  computer  experience  on 
ccHnputer  attitude  among  preservice,  inservice  teachers, 
and  postulants.  More  specifically,  this  study  attempted  to 
examine  the  effects  of  previous  (a)  length  cf  computer 
experience  (i.e.,  less  than  1  year,  1-2  years,  and  more  than 
2  years),  and  (b)  type  of  computer  used  (i.e.,  Macintosh, 
IBM,  Apple  II,  two  types  of  computers,  and  more  than 
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two  types  of  computers)  on  computer  attitudes  among 
preservice,  inservice  teachers,  and  postulants. 

Mothod 

Subject 

The  subjects  in  the  present  study  were  207  education- 
majored  students  from  a  state-suj^rted,  public  university 
located  in  a  major  metropolitan  city  in  the  Southwest. 
Ne?rly  85%  of  the  subjects  were  female  and  about  76%  of 
them  were  white.  In  addition,  75%  of  the  subjects  were 
between  the  age  of  18  and  35.  The  university  participated 
in  the  present  study  had  a  teacher  education  program  in 
which  an  introductory  cwnputer  literacy  course  was 
required  for  all  preservice,  inservice  teachers,  and 
postulants.  In  the  present  study,  1 17  were  preservice 
teachers,  56  were  inservice  teachers,  and  34  were  postu- 
lants. 

Computer  literacy  course 

The  content  of  the  con\puter  literacy  course  taught  by 
the  university  involved  in  the  present  study  included:  (a) 
word  processing,  (b)  database,  (c)  spreadsheet,  (d)  Logo, 
and  (e)  BASIC.  This  model  of  computer  literacy  was 
consistent  with  that  proposed  by  Thompson  and  Friske 
(1988)  in  which  several  ^plications  were  emphasized 
and  programming  was  only  a  component  part.  Owing  to 
the  limit  number  of  computers,  the  course  was  taught  in 
two  different  computer  labs;  about  72%  of  the  subjects 
participated  in  the  present  study  were  taught  in  a  net- 
worked Macintosh  computer  lab  while  the  remaining 
subjects  were  taught  in  a  non-networked  IBM-compatible 
lab.  The  general  expectation  for  that  course  is  for  educa- 
tion-majored students  to  achieve  a  simple  level  of 
operation  of  ^plications  software  (e.g.,  word  processing) 
and  to  write  simple  programs  in  Logo  and  BASIC.  In 
addition,  these  students  were  also  expected  to  develop  an 
understanding  of  computing,  social  issues  regarding 
computer  use,  and  the  historical  development  of  computer 
technology.  Although  it  is  not  an  emphasis  in  the  com- 
puter literacy  course,  the  development  of  a  positive 
attitude  toward  computing  and  conceptual  base  of 
problem-solving  skills  from  the  course  were  also  ex- 
pected. 

Instrument 

The  instrumoit  used  in  the  present  study  was  a 
Computer  Attitude  Scale  developed  by  Loyd  &  Gressard 
(1985)  that  was  designed  to  measure  student*s  attitude 
toward  computing.  The  Scale  consists  of  30  Likert-scale 
type  of  questions  for  three  subscales:  computer  anxiety, 
computer  confidence,  and  computer  liking.  Each  subscaie 
consists  of  ten  items  and  presents  positively  and  nega- 
tively worded  statements.  Students  responded  to  the 
statements  by  selecting  one  of  four  responses:  "strongly 


agree",  "somewhat  agree",  "somewhat  disagree",  and 
"strongly  disagree."  Scores  on  each  subscaie  are  inter- 
preted as  *lhe  higher  the  score  the  more  positive  the 
altitude  (e.g.,  lower  anxiety  or  higher  confidence)*.  Three 
scores  from  each  subscaie  would  then  add  together  to 
produce  a  computer-attitude  score.  The  Scale  has  been 
found  to  be  reliable  and  valid,  and  has  been  previously 
used  with  students  at  varied  school  levels  (Loyd  & 
Ciressard,  1984;  Loyd  &  Gressard,        Loyd  &  Loyd, 
1988;Massoud,  1990;  Massoud,  1991). 

Procedures 

Near  the  end  of  the  Fall  academic  semester,  1990,  all 
participants  completed  the  Computer  Attitude  Scale.  The 
data  was  collected  and  coded.  A  3x3x5  Factorial 
analysis  of  variance  (ANOVA)  was  performed  to  investi- 
gate if  there  were  any  statistically  significant  (p  <.  05) 
differences  on  computer  attitudes  among:  (a)  students 
with  different  classifications  (i.e.,  preservice  teachers, 
inservice  teachers,  and  postulants),  (b)  students  who  had 
different  levels  of  prior  computer  experiences  (i.e.,  less 
than  1  year,  1-2  years,  and  more  than  2  years),  (c) 
students  who  had  different  types  of  prior  computer 
experiences  (Macintosh,  IBM,  Apple  n,  ;wo  types  of 
computers,  and  more  than  two  types  of  computers),  and 
(d)  interactions  among  iiese  three  factors  (i.e.,  classifica- 
tions, length  of  compr^er  experiences,  and  type  of 
computer  used). 

Results 

Means  and  standard  deviations  for  each  variable  are 
presented  in  Table  1 .  The  results  show  that  the  overall 
means  were  28.6  (71%),  28.17  (70%),  and  28.3  (70%), 
out  of  a  maximum  score  of  40,  for  classification,  length  of 
experience,  and  type  of  computer  used,  respectively.  The 
highest  mean  for  classification  was  inservice  teachers* 
score  on  liking,  and  the  lowest  was  postulants  score  on 
anxiety.  In  addition,  inservice  teachers  outscored 
preservice  teachers  and  postulants  on  all  three  subscales. 
The  highest  mean  for  length  of  experience  was  found  on 
confidence  for  students  who  had  more  than  2  years  of 
computer  experience;  and  the  lowest  was  on  anxiety  for 
those  who  had  less  than  1  year  of  experience.  Finally,  the 
highest  mean  for  type  of  computer  used  was  on  confi- 
dence with  students  who  have  used  more  than  two  types 
of  computers  while  the  lowest  mean  was  on  anxiety  with 
students  who  only  used  Mac  computers. 

Table  2  summarizes  the  3  x  3  x  5  Factorial  ANOVA. 
The  results  of  the  ANOVA  mdicated  that  there  was  a 
significant  main  effect  for  classification  on  liking  (F  = 
3.06,  df  =  2/162,  p  <  .05).  AddiUonally,  the  length  of 
experience  was  found  to  have  a  significant  main  effects 
on  two  subscales:  anxiety  (F  =  4.22,  df  =  2/162,  p  <  .05) 
and  confidence  (F=  4.50,  df  ^  2/162,  p  <  .05),  and  total 
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Table  1 

Summary  of  Means  and  Standard  Deviations  on  Variables 


Scale  Anxiety'  Confidence  Liking  Total  Score' 

Variable  M  SD  M  SD  M  SD  M  SD 

Classification 

Pieservice  27.35          6.03         28.93          4.52  27.74          5.57         84.03  14.18 

Inservice  28.46  5.77  30.52  5.53  30.96.  5.95  89.95  15.39 
(N=56) 

Postulant  26.62  5.30  28.21  4.75  28.62  5.43  83.44  13.62 
Length  of  Experience 

Less  Than  24.16          5.46         26.86          4.11  26.53          5.75         77.56  13.31 

1  Year 
(A/- =  72) 

1-2  Years  27.30  5.29  28.70  4.12  28.63  5.06  84.63  12.17 
(A/- =30) 

More  Than  29.96          5.08         31.07          4.88  30.36          5.54         91.39  13.47 

2  Years 
(A^=104) 

Type  of  Computer  Used 

Mac  25.75  5.98  27.75  4.47  29.25  5.68  82.75  14.21 
(N  =  40) 

IBM  26.06          5.51          27.14           4.62  26.23           4.56         79.43  12.41 

Apple  II  26.20          5.07         28.60           4.71  27.20           6.40         82.00  14.13 

Two  Types  28.57  6.33  30.13  5.08  29.02  5.88  87.72  15.85 
(//  =  60) 

More  than  29.93          4.83          31.60           4.20  31.14           5.33  92.67  11.93 

Two  Types 
(iV  =  42) 


Note.  1.  The  possible  maximum  score  for  each  scale  is  40. 

2.  The  possible  maximum  score  for  total  score  is  120. 

3.  The  number  of  subjects  is  presented  in  parenthesis. 
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Table  2 

Sunnnnary  of  Three-Factor- ANOVA 


Anxiety  Confidence  Liking  Total  Score 


Source  of 
Variation 

df 

MS 

F 

MS 

F 

F 

MS 

F 

Classification  (A) 

2 

1.32 

.05 

12.68 

.70 

84.92 

3.06* 

63.29 

.39 

Length  of 

L 

1 1 TT  on 

Q 1  K 

4.50* 

CO  an 
Do  .67 

oil 
2.11 

716.97 

4.38* 

lypeoi 
Computer  (C) 

4 

58.03 

2.08 

49.52 

2.75* 

100.84 

3.63** 

485.91 

2.97* 

AXB 

4 

18.93 

.68 

6.72 

.37 

26.11 

.945 

9.60 

.36 

AXC 

8 

24.97 

.89 

39.34 

2.18* 

23.32 

.842 

20.03 

1.35 

BXC 

8 

25.87 

.93 

19.93 

1.11 

45.33 

1.632 

27.55 

1.39 

AXBXC 

16 

19.59 

.70 

11.42 

.63 

9.71 

.35 

68.14 

.42 

Error 

162 

27.94 

18.02 

11.16 

163.55 

*p<.05  **p<.01 

Table  3 

SumnnQry  of  Descriptive  Data  for  Classificatior^  by  Type  of  Computer  Used  or^  Cor^flder^ce 


Preservice  Inservice  .?ostulants 


Mac 

W  (Percentage) 

28  (13.5%) 

10  (4.8%) 

2(1%) 

Mean 

28.39 

27.00 

22.50 

SD 

4.31 

4.62 

3.54 

IBM 

(Percentage) 

15  (7.2%) 

10  (4.8%) 

10(4.8%) 

Mean 

28.00 

25.30 

27.70 

SD 

4.02 

5.56 

4.37 

Apple  II 

(Percentage) 

13  (6.2%) 

6  (2.9%) 

11  (5.3%) 

Mean 

28.31 

33.67 

26.18 

SD 

4.35 

4.37 

3.19 

Two  Types 

37  (33.8%) 

20  (9.7%) 

3(1.4%) 

Mean 

28.46 

32.55 

34.67 

SD 

4.92 

4.37 

2.08 

More  Than  Two  Types 

(Percentage) 

24(11.6%) 

10  (4.8%) 

8  (3.9%) 

Mean 

31.21 

33.30 

30.63 

SD 

4.09 

3.89 

4.84 
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Figure  1 .  Classification  x  Type  of  CoTmputer  Interaction  Using  Confidence  Score 


Toble  4 

Summary  of  Fisher's  Protected  LSD  Test  on  Each  Significant  Main  Effect 


Subscale 
Variable 

Anxiety 

Confidence 

Liking 

Total  Score 

Classification 

inservice 

>  preservice 

>  postulants 

Length  of  Experience 

>  less  than  1  year 

more  than  2  years 

>  less  than  1  year 

>  less  thanl  year 

>  less  than  1  year 

>  1-2  years 

>  1-2  years 

>  1-2  years 

1-2  years 

>  less  than  1  year 

>  less  than  1  year 

>  less  than  1  year 

Type  of  Computer  Used 

>Mac 

more  than  2  types 

>Mac 

>Mac 

>IBM 

>IBM 

>IBM 

>IBM 

>  Apple  II 

>  Apple  II 

>  Apple  II 

>  Apple  II 

>  2  types 

2  types 

>Mac 

>Mac 

>IBM 

>IBM 

>IBM 

>IBM 

>  Apple  II 

>  Apple  II 

Mac 

>IBM 
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attitude  as  well  (P  ^  4.38,  df  =  2/162,  p  <  .05).  Significant 
main  effects  were  also  obtained  for  type  of  computer  used 
on  two  subscales:  confidence  (F  =  2.75,  df  =  4/162,  p  < 
.05)  and  liking  (F  =  3.63,  df  =  4/162,  p  <  .01),  and  total 
attitude  (F  =  2.97,  df  =  4/162,  p  <  .05).  Moreover,  the 
interaction  of  classification  and  type  of  computer  used  for 
confidence  was  also  significant  (F  =  2.18,  df  =  8/162,  p  < 
.05).  Table  3  shows  the  descriptive  data  for  dae  interac- 
tion. An  interaction  graph  is  also  displayed  in  Figure  1. 
No  other  significant  main  effects  or  interactions  wei^ 
found. 

For  daose  variables  that  showed  a  significant  main 
effect  on  students*  attitudes  toward  computers  a  follow-up 
analysis  (Fisher's  Protected  LSD)  was  employed.  Table  4 
displays  a  summary  of  the  results  of  the  Fisher's  Pro- 
tected LSD  tests  for  those  significant  main  effects.  The 
results  of  the  follow-up  analysis  for  classification  show 
that  inservice  teachers  scored  significantly  higher  than 
preservice  teachers  and  postulants  on  liking. 

The  results  of  the  follow-up  analysis  for  the  length  of 
computer  experience  indicate  that  students  with  more  than 
2  years  of  computer  experience  scored  significantly 
higher  than  students  who  had  less  than  1  year  of  computer 
experience  on  all  3  subscales  of  computer  attittide  and 
total.  In  addition,  students  who  had  more  than  2  years  of 
computer  exfierience  scored  significantly  higher  than 
students  with  1-2  years  of  computer  experience  on 
anxiety,  confidence,  and  total.  Also  students  with  1-2 
years  of  computer  experience  significantly  outscored 
students  who  had  less  than  1  year  of  experience  on 
c(Mnputer  anxiety,  confidence,  and  total. 

The  results  of  the  follow-up  analysis  for  the  type  of 
computer  used  indicate  that  students  with  more  than  two 
types  of  computer  experiences  scored  significantly  higher 
than  students  who  have  experienced  only  one  type  (Mac, 
IBM,  or  Apple  II)  of  computer  on  anxiety,  confidence, 
and  total.  Students  who  have  experienced  more  than  two 
types  of  computers  were  significantly  higher  than  students 
who  have  experienced  two  types  of  computers  or  used 
only  IBM  or  Apple  II  computers  on  liking.  In  addition, 
students  with  two  types  of  computer  experiences  scored 
significandy  higher  Uian  students  who  have  experienced 
only  one  type  (Mac,  IBM,  or  Apple  II)  of  computer  on 
anxiety.  Students  who  have  experienced  two  types  of 
computers  were  significandy  higher  than  students  who 
have  used  only  IBM  or  Mac  computers  on  confidence. 
Also,  students  with  two  types  of  computer  experiences 
scored  significantly  higher  than  students  who  have  used 
only  IBM  or  Apple  II  computers  on  total.  Students  with 
two  types  of  computer  experiences  scored  significantly 
higher  than  those  with  only  IBM  experience  on  liking. 
Finally,  students  had  only  Mac  experiences  were  signifi- 
cantly higher  than  those  who  had  only  IBM  experience  on 
liking. 


Discussion 

Significant  findings  regarding  the  overall  means  for 
classification,  lengUi  of  computer  experience,  and  type  of 
computer  used  were  all  about  28  or  70%,  out  of  a  maxi- 
mum score  of  40,  suggest  diat  most  subjects  participated 
in  the  present  study  had  a  positive  attitude  toward 
computers.  Although  the  results  were  possibly  attributed 
to  many  oUier  factors,  based  on  the  outcomes  of  this 
study,  prior  computer  experiences  were  found  to  be  a 
critical  factor,  among  others,  for  this  positive  tendency. 
However,  without  further  research,  it  is  difficult  to 
identify  to  what  extend  prior  computer  experience 
influence  Uiese  positive  attitudes. 

The  findings  that  students  who  have  1-2  years  or  more 
than  two  years  of  computer  experiences  scored  signifi- 
candy higher  than  students  who  have  computer  experi- 
ence less  than  1  year  suggest  that  students  may  develop 
their  positive  attitude  if  daey  were  allowed  to  experience 
on  computers  for  more  than  one  year.  Since  studies  have 
found  Uiat  diere  was  significant  relationship  between 
computer  attitudes  and  computer  knowledge  (Dambrot, 
Wadcins-Malek,  Silling,  Marshall,  &  Garver,  1985; 
Mercoulides;  1988;  Wiggins,  1984),  it  is  reasonable  to 
believe  that  longer  exposure  to  computers  may  reinforce 
students'  computer  krwwledge  aiKl  therefore  increase 
their  positive  attitudes.  However,  the  findings  of  no 
significant  differences  for  computer  experiences  between 
1-2  years  and  more  than  2  years  seem  to  suggest  that  the 
critical  period  of  experience  for  students'  to  increase  their 
positive  attitudes  toward  c(xnputers  is  one  year. 

The  findings  of  significant  differences  among  students 
who  have  experienced  more  than  two  types  of  computers, 
two  types  of  computers,  and  only  one  type  of  computer  on 
each  subscale  suggest  diat  students  will  increase  their 
positive  attitude  if  they  have  experienced  more  types  of 
computers.  A  possible  explanation  is  that  when  sUidents 
experience  more  types  of  computers,  they  may  also  gain 
more  knowledge  about  computers  and  therefore  enhance 
dieir  positive  attitudes  toward  computers. 

The  finding  of  students  with  Mac  experiences  scored 
significantly  higher  dian  students  with  IBM  experiences 
on  liking  indicate  that  educadon-major  students  seem  to 
like  Mac  more  dian  IBM.  However,  without  a  significant 
interaction  between  type  of  computer  used  and  length  of 
computer  experience,  it  is  difficult  to  predict  if  Uiis  Mac- 
favor  attitude  will  change  after  a  period  of  time.  The 
fmding  of  significandy  higher  scores  for  inservice 
teachers  over  preservice  teachers  on  the  cwnputer  liking 
indicates  that  inservice  teachers  are  possibly  more  likely 
to  use  computers  than  preservice  teachers.  This  is 
possibly  because  inservice  teachers  have  more  opportuni- 
ties to  either  be  exposed  to  various  types  of  computers  or 
spend  longer  time  on  c(Hnputers  in  dieir  schools. 
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Conclusion 

Earlier  research  on  computer  attitudes  has  reported 
that  prior  computer  experience  may  have  some  influence 
on  students'  liking  of,  anxiety  about,  and  confidence  in 
using  computers  (e.g.,  CampbeU,  1989a,  1989b;  Chen, 
1986;  ColUs  &  Williams,  1987;  Loyd  &  Gressard,  1984, 
1986, 1988).  The  outcomes  of  the  present  study  agree 
with  their  findings.  The  results  of  this  study  indicate  that, 
in  general,  the  longer  exposure  of  computers  and  the  more 
types  of  computers  which  education-majored  students 
have  experienced,  the  more  positive  attitudes  they  may 
establish.  These  suggest  that  teacher  educators  in  comput- 
ing may  encourage  students  to  experience  various  types  of 
ccMnputers  or  spend  longer  time  on  computers  to  develop 
students'  positive  attitudes  toward  computers. 

Since  microcomputers  have  been  widely  used  in  the 
nation* s  schools,  teachers  in  the  1990s  will  find  it  more 
difficult  to  avoid  using  computer  in  schools.  Development 
of  positive  attitude  toward  computers  may  help  teachers 
to  gain  necessary  knowledge  and  skills  to  be  competent 
teachers  for  the  1990s.  Based  on  this  fundamental 
understandmg,  how  to  develop  positive  computer  atti- 
tudes for  students  in  the  teacher  education  program 
becomes  a  critical  t(^ic  for  teacho"  e^iucators  in  comput- 
ing. The  findings  of  the  present  study  have  provided  some 
useful  information  on  the  issue. 
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Computers  are  playing  important  roles  in  education 
and  iraining  at  many  levels.  This  is  especially 
inie  of  higher  education  where  students  fre- 
quently are  required  to  take  computer-oriented  courses  or 
demonstrate  proficiency  in  basic  computer  literacy  hi 
order  to  achieve  degree  objectives.  Students  do  not 
always  approach  computer  use  with  enthusiasm  however 
and  numerous  recent  studies  have  explored  student 
attitudes  toward  computers  and  how  they  relate  to 
learning.  Most  studies  investigating  preservice  teachers' 
attitudes  towaid  computers  have,  however,  drawn  subjects; 
from  required  computer  classes  or  from  elective  courses 
into  which  students  self-select.  The  purpose  of  the  present 
study  is  to  investigate  the  computer  attitudes  of  preseivice 
teacher  education  students  in  reading,  maUiernatics,  and 
science  education  methods  courses  which  have  not 
traditionally  placed  emphasis  on  the  role  of  computers  in 
the  classroom.  The  present  investigation  will  focus  on  two 
major  rCvSearch  questions: 

1)  What  factors  appear  to  be  reqmred  in  order  to  account 
for  the  computer  attitudes  of  preservice  teacher 
education  students? 

2)  Are  there  differences  in  the  computer  attitudes  of 
different  populations  of  preservice  teacher  education 
students? 

Our  first  question  concerns  tiie  theoretical  structure  of 
preservice  teachers'  computer  attitudes.  Although  the 
number  of  fKDStuIated  dimensions  for  computer  attitudes 
has  usually  involved  1  to  3  factors,  most  studies  exploiing 
the  dimensionality  of  computer  attitudes  have  focussed  on 
specific  instruments.  In  one  recent  exception  to  this  U-end 
Woodrow  (1991)  adnunistered  four  different  attitude 
scales  to  preservice  teachers  and  factor  analyzed  re- 
sponses across  all  four  scales.  Her  results  suggest  as  few 
as  three  tiieorctical  factors  that  she  labelled  "Computer 
liking",  "Computer  anxiety",  and  "Social  and  educational 
impact  of  computers**  may  be  adequate  to  account  for 
preservice  teachers*  computer  attitudes.  An  important 
limitation  of  tiie  Woodrow  study,  however,  was  its  use  of 
a  relatively  small  sample  of  subjects  (n=:98)  drawn  from 
an  elective  computer  education  course,  a  limitation  which 
leaves  some  important  questions  unanswered. 

It  may  be,  for  example,  that  students  selected  from  a 
computer  education  elective  course  view  computers 
differently  than  students  in  otiier  kinds  of  courses  (e.g., 
non-computer  courses).  Given  die  tendency  for  computer 
education  courses  to  be  add-ons  to  the  core  methods 
curriculum  it  could  reasonably  be  argued,  if  differences  in 
factor  structure  or  attitude  measures  are  found,  tiiat  tiie 
truer  picture  of  preservice  teachers*  attitudes  and  their 
underlying  factor  structure  should  emerge  from  their 
methods  courses,  which  generally  play  a  much  larger  role 
in  their  professional  U"aining  and  which  probably  more 
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closely  correspond  to  the  situational  context  in  which 
those  students  will  ultimately  work  (i.e.,  Most  teachers 
will  not  teach  in  a  computer  lab.)  Woodrow  (1991), 
indeed,  recognizes  the  limitations  of  her  study  and 
recommends  that  a  useful  follow-up  would  be  to  adminis- 
ter (lie  same  set  of  attitude  scales  to  a  wider  population  of 
subjects  that  includes  students  not  enrolled  in  computer 
elective  courses.  The  purpose  of  the  present  study  is  to 
provide  such  a  follow-up  study. 

Subi#cts  and  Method 

Develojiment  of  the  attitude  measure  was  similar  to 
the  procedures  used  in  die  Woodrow  (1991)  study.  Items 
from  four  instruments  including  the  Computer  Use 
Questionnaire  (Griswold,  1983).  the  Computer  Attitude 
Scale  (Loyd  &  Loyd,  1985;  Gies&ard  &  Loyd,  1986), 
eleven  attitude  and  anxiety  items  from  the  Computer 
Survey  (Stevens,  J980, 1982),  and  the  Attitudes  Toward 
Computers  scale  (Recce  &  Gable,  1982)  were  assembled 
in  random  order  into  a  single  measure  consisting  of  71 
computer  attitude  items  and  14  items  requesting  demo- 
graphic and  previous  computer  experience  information. 
Due  to  an  enor  in  printing  one  item  (#8)  from  the 
Confidence  subscale  of  the  Computer  Attitude  Survey 
was  omitted  from  approximately  a  tiiird  of  the  instruments 
used  in  the  study » 

The  composite  attitude  insUiiment  was  administered  to 
approximately  200  preservice  teaclier  education  students 
from  two  public  universities  in  Texas  and  Indiana  early  in 
the  Fall  of  1992.  Students  participating  in  the  survey  were 
enrolled  in  non-computer  education  methods  courses  that 
have  not  traditionally  emphasized  the  role  of  technology 
in  education. 

Dote  Anolysis 

All  data  analysis  was  carried  out  in  SAS  (Version  6) 
under  the  VAXA^MS  operating  system.  Data  were 


analyzed  in  two  stages.  The  Hrst  stage  of  data  analysis 
involved  a  series  of  factor  analyses  to  determine  the 
underlying  factor  structure  of  the  subjects'  attitudes. 
Although  Woodrow*  s  analysis  provided  a  useful  reference 
point,  the  intent  was  not  to  simply  replicate  Woodrow' s 
analysis  since  tiiere  could  be  no  guarantee  that  the 
underlying  factor  suiictures  of  the  two  populations  were 
identical.  Data  analysis  in  tiiis  stage  began  with  a  princi- 
pal components  analysis  followed  by  both  orthogonal  and 
oblique  rotations  that  specified  numbers  of  factors  for 
extraction  as  suggested  by  results  of  the  prior  analyses. 
Following  the  factor  analysis  of  the  items  in  the  compos- 
ite  scale,  scores  for  each  student  on  each  of  the  four 
instruments  w^e  also  factor  analyzed. 

In  the  second  stage  of  data  analysis  means  and 
standard  deviations  for  each  of  the  computer  attitude 
scales  used  in  the  study  were  computed  so  that  compari- 
sons could  be  made  to  scores  reported  by  Woodrow 
(1991).  One  goal  of  this  analysis  was  to  test  a  prediction 
by  Woodrow  (1991)  tiiat  the  attitudes  of  subjects  not 
enrolled  in  elective  computer  courses  would  be  more 
negative  than  tiiose  in  her  study  (who  were  enrolled  in  an 
elective  computer  course). 

Results  and  Discussion 

Since  one  of  die  Computer  Confidence  items  (#8)  was 
omitted  on  a  third  of  the  surveys  used,  data  analysis  was 
limited  to  70  items.  Although  the  omission  of  this  item 
represents  a  limitation,  it  seems  unlikely  to  have  signifi- 
cant effects  on  the  analysis  as  a  whole  given  the  total 
number  of  items  involved.  A  principal  components 
analysis  of  Uiose  70  items  resulted  in  15  components 
accounting  for  approximately  71%  of  the  survey  variance 
with  the  Hrst  seven  factors  accounting  for  approximately 
56%.  These  results  were  similar  to  those  obtained  in  the 
Woodrow  study  with  few  or  no  item  loadings  that 
exceeded  .40  on  factors  8-15. 


Table  1. 

Inter-fQctor  correlations  for  the  7-factor  oblique  solution  across  all  ttems. 


Factl 

Fact2 

Facta 

Fact4 

Facts 

Fact6 

Fact? 

Factl 

100* 

45* 

-51* 

17 

1 

24 

-23 

Fact2 

45* 

100* 

-48* 

35 

10 

21 

-8 

FacG 

-51* 

-48* 

100* 

-10 

-4 

-22 

17 

F;ict4 

17 

35 

-10 

100* 

2 

4 

16 

Facts 

1 

10 

-4 

2 

100* 

-1 

7 

Fact6 

24 

21 

-22 

4 

-1 

100* 

-31 

Fact? 

-23 

-8 

17 

16 

7 

-31 

100* 

NOTE:  Primed  values  are  multiplied  by  100  and  rounded  to  the  nearest  integer.  Values  greater  than  0.36  and  less  than  - 
0.36  have  been  flagged  by  an 
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Table  2. 

Factor  loadings  for  each  scale  and  sub-scale  score  on  the  single  factor  that  emerged  from  The 

Drinclpal  components  analysis  of  the  scale  and  sub-scale  scores.  

 ^  FACTOR 

 SCALE  or  SUBSCALE  LOADING  

Computer  Attitude  Scale  (Total  scale)  97 

Computer  Anxiety  Subscale  89 

Computer  Confidence  Subscale  92 

Computer  Liking  Subscale  90 

Attitudes  Toward  Computers  Scale  87 

Computer  Use  Questionnaire  78 

NOTE:  Factor  loadings  have  been  multiplied  by  100  and  rounded  to  the  nearest  integer. 


Following  the  principal  components  analysis  an 
orthogonal  (Varimax)  rotation  that  specified  7  factors  was 
^plied.  This  analysis  accounted  for  ^proximately  39% 
of  the  total  variance.  Of  this  variance  Factors  1,  2,  and  3 
accounted  for  10.7%,  10.3%,  and  7.6%.  respectively,  for  a 
total  of  about  29%.  Factors  4-7  each  contributed  less  than 
4%  for  a  total  of  about  10%. 

Following  the  orthogonal  rotation  specifying  7  factors, 
an  oblique  (Promax)  rotation  specifying  7  factors  was 
carried  out.  Results  of  this  analysis  also  suggested  an 
underlying  structure  composed  of  three  factors.  Table  1 
provides  inter-<:orrelations  for  the  7  factors  resulting  from 
the  oblique  rotation.  As  indicated  in  the  table,  Factors  1, 
2,  and  3  correlated  fairly  highly  with  one  another  although 
Factor  3  was  found  to  correlate  negatively  with  1  and  2. 
None  of  the  remaining  factors  correlated  with  each  other 
or  with  Factors  1,  2.  or  3  above  .36  or  below  -.36. 

At  this  point  data  analysis  turned  to  the  scores 
obtained  by  students  on  each  of  the  instruments  included 
in  the  composite  measure.  Although  three  factors  seemed 
to  be  emerging  from  the  analysis  of  the  items,  it  was  not 
clear  whether  those  factors  would  be  most  appropriately 
treated  as  orthogonal  in  nature.  It  was  reasoned  that  a 
factor  analysis  of  the  instrument  scores  would  help  in 
making  the  decision  about  the  kind  of  rotation  (orthogonal 
or  oblique)  to  employ  in  the  fmal  factor  solution.  Results 
of  a  principal  component  analysis  of  the  instrument  scores 
(See  Table  2)  revealed  only  a  single  factor  with  an 
eigenvalue  exceeding  1.0  that  accounted  for  approxi- 
mately 80%  of  the  variance  with  all  seven  scale  and  sub- 
scale  scores  loading  at  or  above  .78.  As  a  result  of  the 
fmdings  up  to  this  point,  we  concluded  that  an  orthogonal 
three-factor  solution  was  unlikely  and  decided  to  apply  an 
oblique  rotation. 

Results  of  the  oblique  three-factor  rotation  once  again 
supported  an  underlying  solution  of  three  related  factors. 


Only  four  of  the  70  items  failed  to  load  at  or  above  .40  (or 
below  -.40)  on  one  of  these  three  factors.  Factor  1 
dominated  the  solution  accounting  for  about  22%  of  the 
variance.  Factors  2  and  3  accounted  for  4.9%  and  3.5% 
respectively.  Overall,  the  three  factors  accounted  for 
about  31%  of  the  variance.  Inspection  of  the  item  loadings 
suggests  Factor  1  taps  positive  feelings  for  computer  use 
since  most  items  loading  on  this  factor  were  either 
positively  worded  (e.g.,  "I  enjoy  computer  work.")  or 
were  negatively  loaded  items  suggesting  the  absence  of 
positive  affect  (e.g.,  "I  don' t  enjoy  talking  with  others 
about  computers.")  Factor  2  appeared  to  be  dominated  by 
cognitively  oriented  attitudes  concerning  the  utility  of 
computers  (e.g..  **Computers  can  be  a  useful  instructional 
aid."),  with  14  of  the  20  cognitively  oriented  Computer 
Use  Questionnaire  items  loading  on  this  factor.  Finally, 
Factor  3  appears  to  represent  negative  feelings  for 
computer  use  since  16  of  the  17  items  loading  on  this 
factor  were  negatively  worded,  many  of  them  suggesting 
strongly  negative  feelings  (e.g.,  "I  feel  aggressive  and 
hostile  toward  computers .") 

Stage  2  of  our  data  analysis  focussed  on  the  scores 
obtained  by  our  students  on  each  of  the  instruments 
included  in  the  composite.  Since  the  intent  of  this  analysis 
was  to  ccwipare  our  results  with  those  reported  by 
Woodrow  (1991),  the  data  in  Table  3  include  Woodrow's 
results  as  well  as  results  of  population  t-tests  comparing 
the  attitude  means  of  students  in  our  study  with  those 
reported  by  Woodrow  (Ueated  as  the  population).  All 
student  responses  were  recoded  so  that  higher  means 
corresponded  with  more  positive  attitudes.  In  addition,  all 
means  and  standard  deviations  were  rescaled  to  a  single 
range  of  10-50  so  that  comparisons  could  be  more  easily 
niade.  Rescaling  of  the  means  also  addressed  the  issue  of 
the  missing  item  from  the  Computer  Confidence  (CC) 
subscale  of  the  Computer  Attitude  Survey  (CAS). 
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Table  3 

Rescaled  mean  scores  (range=  10-50),  stondorcl  deviations,  and  results  of  t-tests  to  assess  significant 

differences  between  Woodrow  (1991)  and  McEneaney  et  al.  (1992)  studies.  

Woodrow  McEneaney  et  al. 

(1991)  (1992)  (2  tailed) 


INSTRUMENT 

Mean 

SD 

Mean 

SD 

t 

P 

df 

Computer  Survey 

36.6 

4.09 

36.27 

3.99 

-1.10807 

0.2693 

186 

Computer  Use  Quest. 

34.8 

3.7 

37.68 

4.02 

10.5209 

0.0000 

182 

Attitudes  Toward  C. 

37.9 

6.4 

38.23 

6.08 

0.69501 

0.4879 

184 

Computer  Attitude' 

35.63 

5.9 

36.64 

6.09 

5.57644 

0.0000 

172 

Anxiety  scale 

35.7 

6.0 

37.65 

6.91 

4.45374 

0.0000 

187 

Confidence  scale* 

35.0 

6.6 

36.98 

6.27 

4.09340 

0.0000 

186 

Liking  scale 

36.1 

6.3 

35.06 

6.72 

-2.22610 

0.0272 

181 

1 .  Mean  and  SD  based  on  29  (rather  than  30)  items  due  to  the  omission  of  Computer  Confidence  item  #8  from  survey. 

2.  Mean  and  SD  based  on  9  (rather  than  10)  items  due  to  omission  of  item  #8. 


Although  the  omission  of  one  item  represents  an  obvious 
limitation,  the  rescaling  of  means  provides  a  meaningful 
basis  for  comparison,  that  limitation  notwithstanding. 

Surprisingly,  means  of  students  in  our  methods 
courses  appear  to  be  significantly  higher  than  those 
reported  by  Woodrow  for  students  in  an  elective  computer 
course,  contrary  to  Woodrow*  s  prediction  and  our 
expectation.  According  to  the  population  t-tests  conducted 
using  our  data  and  the  means  and  standard  deviations 
provided  by  Woodrow  (1991,  p.  172),  although  the 
Canadian  students  had  slightly  more  positive  Computer 
Liking  subscale  scores,  the  methods  students  had  signifi- 
cantly more  positive  scores  on  the  Computer  Use  Ques- 
tionnaire, the  Computer  Attitude  Scale  overall  score  and 
the  Computer  Anxiety  and  Cmipuler  Confidence 
subscales. 

Sunnmary  and  Conclusions 

Results  of  the  present  research  support  the  hypothesis 
that  three  related  factors  account  for  preservice  teachers* 
attitudes  toward  computers.  Inspection  of  item  loadings 
on  these  three  factors  suggest  labels  of  "Positive  feelings 
for  computers",  "Utility  of  computers**,  and  "Negative 
feelings  for  computers.*'  These  three  factors  aj^ar 
consistent  with  results  that  have  been  reported  recently  in 
a  similar  study  (Woodrow,  1991)  that  identified  factors 
labelled  "Computer  liking",  "Social  and  educational 


impact  of  computers**,  and  "Computer  anxiety." 

Contrary  to  our  expectation,  students  in  our  non- 
computer  methods  courses  generally  reported  more 
positive  computer  attitudes  than  those  in  an  elective 
computer  course.  Since  the  underlying  factor  structure  in 
both  populations  appears  to  be  the  same  these  differences 
probably  caimot  be  attributed  to  factorial  instability  in  the 
composite  measure.  Having  ruled  out  factor  instability  as 
a  source  of  the  observed  differences,  the  source  (or 
sources)  of  the  observed  population  differences  remain 
unspecified.  We  conclude  that  there  is  a  continuing  need 
to  explore  computer  attitude  variation  among  teacher 
education  students  and  suggest  that  our  findings  of  a 
ccHnmon  3-factor  structure  support  meaningful  compari- 
sons across  populations. 
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Education  students' 
attitudes  toward  tlie 
effectiveness  of 
instructional  technology 

Yolanda  N.  Padron 
University  of  Houston— Clear  Lake 


Although  the  integration  of  all  types  of  technology 
in  the  classroom  is  widely  viewed  as  an  effective 
instructional  strategy  for  improving  the  educa- 
tion of  students,  many  teachers,  including  preservice 
teachers  often  do  not  have  favorable  attitudes  towards  the 
potential  effectiveness  of  technology  (Huang,  Copley, 
WiUiams,  &  Waxman,  1992;  Padron,  1992).  Since 
teachers'  attitudes  or  dispositions  toward  technology  have 
been  found  to  influence  the  utilization  of  technology 
(OTA,  1988),  it  is  important  to  understand  teachers* 
attitudes  toward  specific  types  of  technology  or  instruc- 
tional technology  approaches.  Knowledge  about  attitudes 
towards  various  types  of  technology  can  assist  teacher 
educators  in  providing  relevant  training  and  support  to 
preservice  teachers.  This  is  important  since  teachers  must 
not  only  be  able  to  use  various  types  of  technology,  but 
must  also  feel  comfortable  with  various  technology  before 
integrating  it  mto  their  daily  teaching.  Teacher  education 
programs,  therefore  must  address  preservice  teachers 
attitudes  about  various  types  of  technology  in  order  to 
meet  the  instructional  needs  of  students  by  organizing 
instruction  using  the  powerful  tools  that  are  currently 
available.  The  purpose  of  the  present  study  was  to  identify 
education  students'  attitudes  towards  the  effectiveness  of 
various  types  of  instructional  technology  that  are  often 
found  m  public  school  settings. 

Methods 

Subjects 

The  subjects  m  the  present  study  were  220  teacher 
education  students  who  attended  an  upper-division 
university  with  an  enrollment  of  approximately  7,000 
students.  The  university  is  situated  near  the  outskirts  of  a 
large  metropolitan  city  in  the  south  central  region  of  the 
United  States.  About  86%  of  the  students  were  female  and 
14%  male  students.  The  ethnic  backgrounds  of  the 
subjects  were  as  follows:  (a)  White  (81%),  (b)  Hispanic 
(11%),  (c)  Black  (6%),  and  (d)  Other  (2%).  The  subjects 
were  predominantly  undergraduates  or  postbacculaurate 
students  taking  education  courses  for  their  teaching 
certification  (84%).  The  amount  of  computer  experiences 
for  the  subjects  was  as  follows:  60.3%  have  used  comput- 
ers for  2  or  more  years;  19%  had  been  using  computers 
for  one  to  two  years;  17  have  used  computers  less  than 
one  year;  and  only  3%  have  never  used  conputers. 
Approximately  two-thirds  of  the  subjects  had  no  teaching 
experience,  and  of  the  third  who  had  been  teaching,  most 
of  them  only  had  a  few  years  of  experience. 

Instrument 

The  Educational  Technology  Survey  (Waxman, 
Huang,  &  Padron,  1991)  was  administered  to  all  students 
in  the  present  study.  This  survey  identifies  types  and 
amounts  of  technology  experiences  as  well  as  education 
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students  attitudes  toward  the  use  of  technolgy.  The  scale 
which  was  developed  specifically  for  the  present  study 
identified  types  of  instructional  technology  that  are 
generally  found  in  elementary,  middle,  and  secondary 
schools  and  assessed  the  extent  to  which  the  subjects 
thought  they  would  be  effective  for  improving  students* 
education.  All  of  the  subjects  responded  on  a  six-point 
Likert-type  scale  that  indicated  whether  they  thought  the 
technology  was  "Very  Effective/*  '^EffecUve,"  "Had  no 
effect,**  "Ineffective/'  or  "Very  Ineffective**  for  improving 
the  education  of  students.  In  addition,  there  was  a 
category  where  students  could  respond  if  they  were  "not  . 
familiar**  with  the  technology. 

Procedures 

All  the  subjects  participated  voluntarily  and  both 
instruments  were  group  administered  by  their  regular 
professor  during  their  education  courses  at  the  university. 
TTie  survey  which  took  about  15  minutes  to  complete  was 
administered  near  the  end  of  the  semester.  None  of  the 


teacher  education  classes  in  which  the  subjects  were 
enrolled  in  were  technology  classes. 

Results 

Table  1  reports  the  results  that  indicate  that  teacher 
education  students  felt  that  the  most  effective  approach 
for  instructional  technology  was  having  a  computer  lab  in 
each  high  school  (70.8%).  middle  school  (63.6%),  and 
elementary  school  (57.9%).  The  next  most  effective 
technology  approach  was  having  several  computers  (i.e., 
4  or  5)  in  each  high  school  (66%),  middle  school  (65.1%), 
and  elementary  school  (60.8%).  Other  instructional 
technology  approaches  like  having  interactive  video 
equipment  in  schools  and  having  calculators  were 
generally  not  viewed  as  being  as  effective  as  the  other 
jq^proachcs.  In  all  cases,  these  preservice  teachers 
indicated  that  technology  was  more  effective  for  high 
schools,  less  effective  for  middle  schools,  and  least 
effective  in  elementary  schools.  For  example,  preservice 
teachers  reported  that  calculators  (42.5%)  and  interactive 


Table  1 

Summary  of  Results 


Very 

No 

Very 

Not 

Effective 

Effective 

Effect 

Ineffective 

Ineffective 

Familiar 

Calculators  in  elementary  school 

14.8% 

37.3 

8.1 

17.7 

19.1 

2.9 

Calculators  in  middle  school 

23.1 

47.6 

5.3 

12.0 

10.1 

1.9 

Calculators  in  high  school 

42.5 

45.4 

2.4 

3.4 

5.3 

1.0 

A  computer  lab  in  each  elementary  school 

57.9 

37.3 

2.4 

1.0 

0.5 

1.0 

A  computer  lab  in  each  middle  school 

63.6 

34.4 

0.5 

1.0 

0.0 

0.5 

A  computer  lab  in  each  high  school 

70.8 

27.3 

1.0 

0.0 

0.5 

0.5 

Interactive  video  equipment  in  each 

9.1 

elementary  school 

42.3 

38.9 

7.7 

1.4 

0.5 

Interactive  video  equipment  in  each 

9.1 

middle  school 

47.1 

38.5 

4.8 

0.0 

0.5 

Interactive  video  equpment  in  each 

high  school. 

48.8 

34.3 

6.3 

1.0 

0.5 

9.2 

One  computer  for  each  elementary  school 

3.8 

1.9 

class 

33.2 

47.6 

7.7 

5.8 

One  computer  for  each  middle  school 

4.3 

1.4 

classroom 

34.4 

43.1 

9.6 

7.2 

One  computer  for  each  high  school 

5.3 

classroom 

36.1 

41.8 

9.1 

6.3 

1.4 

Several  computers  (4  or  5)  in  each 

3.8 

2.4 

elementary  school  classroom 

60.8 

26.8 

4.8 

1.4 

Several  computers  (4  or  5)  in  each 

1.9 

middle  school  classroom 

65.1 

24.4 

2.9 

2.9 

2.9 

Several  computers  (4  or  5)  in  each 

1.9 

high  school  classroom 

66.0 

23.9 

3.3 

1.9 

2.9 
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video  equipment  (48,8%)  were  more  effective  in  high 
school  than  in  middle  or  elementary  schools.  Similarly, 
preservice  teachers  reported  that  the  use  of  calculators 
(23.1%)  and  interactive  video  (47,1%)  were  more 
effective  in  middle  schools  than  in  elementary  schools. 
Furthermore,  the  use  of  computer  labs  was  cited  as  more 
effective  in  high  school  (70.8%)  than  in  middle  (63.6%) 
and  elementary  schools  (57.9%);  while  the  use  of  several 
computers  in  the  classroom  was  seen  by  more  preservice 
teachers  as  being  effective  in  high  school  (66%),  middle 
school  (65.1%),  and  elementary  school  (60.8%)  class- 
rooms. 

Overall,  the  results  of  the  study  indicated  that  these 
teacher  education  students  had  similar  attitudes  about 
having  one  computer  in  each  classroom.  About  80%  felt 
that  the  use  of  one  computer  in  each  classroom  was 
effective  or  very  effective.  On  the  other  hand,  nearly  37% 
reported  that  they  thought  the  use  of  calculators  in 
elementary  school  was  ineffective  or  very  ineffective.  The 
type  of  technology  that  these  education  students  were 
least  familiar  with  was  interactive  video  (9.1%). 

Discussion 

The  results  from  the  present  study  revealed  that  these 
teacher  education  students  generally  had  positive  attitudes 
about  the  use  of  technology  for  improving  the  education 
of  elementary,  middle,  and  high  school  students.  Nonethe- 
less, the  education  students  surveyed  found  that  the 
various  types  of  technology  are  more  ^propriat/i  for 
students  at  the  high  school  level  than  for  students  in  the 
middle  and  elementary  school  levels.  In  addition, 
preservice  teachers  have  the  least  familarity  with  the 
effectiveness  of  interactive  video.  It  is  important  that 
these  attitudes  be  addressed  in  teacher  education  pro- 
grams so  that  the  instructional  needs  of  future  teachers  are 
met. 

Future  studies  need  to  examine  if  these  attitudes 
persist  once  most  of  these  prospective  and  relatively 
inexperienced  teachm  gain  more  experience.  Other 
studies  also  need  to  investigate  whether  experienced 
veteran  teachers  hold  similar  attitudes.  If  tother  studies 
support  the  present  fmdmgs,  then  additional  studies  may 
need  to  investigate  other  plausible  hypotheses  that  may 
explain  if,  how/or  why  teachers  don*t  uniformly  maintain 
the  value  of  technology  for  improving  the  education  of  all 
students. 
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One  of  the  growing  concerns  in  the  area  of  technol 
ogy  and  teacher  education  is  the  need  for  helping 
teachers  become  aware  that  thefr  students  have 
different  attitudes  relating  thehr  interest  and  inclination 
toward  technology.  Since  students*  attitudes  or  inclination 
toward  technology  have  been  found  to  have  a  significant 
effect  on  their  technology  use,  teachers  should  acknowl- 
edge that  individual  students  in  their  classes  may  have 
differential  attitudes.  Knowledge  of  the  attitudinal 
differences  toward  technology  among  various  groups  of 
students  enables  teachers  to  manage  a  learning  environ- 
ment in  which  learning  is  tailored  to  fit  each  student*  s 
needs  and  progress  is  based  upon  prescribed  levels  of 
achievement  (Gubser,  1986). 

Several  studies  have  found  that  there  are  sex-related 
differences  on  students'  attitudes  toward  computer  and/or 
calculator  usage  (Arenz  &  Lee,  1990;  Bitter  Hatfield, 
1992;  Collis,  1985;  Dambrot,  Watkins-malek,  Silling, 
Marshall,  &  Garver,  1985;  Gardner,  1986;  Miura,  1986). 
Other  studies  have  similarly  found  that  there  are  grade- 
related  and  ethnic  differences  among  students*  attitudes 
toward  technology.  Jaji  (1986),  for  example,  assessed  the 
use  of  calculators  and  computers  in  mathematics  classes 
and  concluded  that  12th  grade  students  had  more  positive 
attitudes  toward  the  use  of  calculators  and  computers  than 
had  8th  grade  students. 

Although  the  use  of  calculators  in  mathematics 
classrooms  is  being  widely  advocated  by  educators  and 
professional  organizations  (Hambree  &  Dessart,  1986; 
MSEB,  1990;  NCTM,  1989;  NRC,  1989;  WiUoughby. 
1990),  there  have  been  very  few  large-scale  research 
studies  that  have  specifically  examined  students*  attitudes 
toward  calculators.  The  objective  of  the  present  study  is  to 
provide  such  information  to  further  teacher  understanding 
of  middle  school  students*  attitudes  toward  the  use  of 
calculators.  More  specificially  this  study  addresses  two 
research  questions: 

a)  What  are  the  middle  school  students*  general  attitudes 
toward  the  use  of  calculators? 

b)  Are  there  significant  differences  among  students  of 
different  genders,  grade  levels,  and  ethnic  groups  in 
their  attitudes  toward  calculator  use? 

Methods 

Subjects 

The  participants  in  the  present  study  were  5,748 
middle  school  (i.e..  Grades  6, 7,  and  8)  students  from  a 
multicultural  school  district  located  in  a  major  meUx)poli- 
tan  city  in  the  South  CenUul  region  of  the  United  States. 
Of  these  students,  2,834  (49.3%)  were  male  and  2,914 
(50.7%)  were  female.  A  total  of  1,939  (33.7%)  were  sixth 
graders,  1,953  (34%)  were  seventh  graders,  and  1,856 
(32.3%)  were  eighth  graders.  The  distribution  by  ethnic 
groups  was  fairly  proportionate:  1,282  (22.3%)  were 
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Asian,  1,355  (23.6%)  were  Hispanic,  1,325  (23.1%)  were 
black  and  1,786  (31.1%)  were  white. 

Instrument 

The  instrument  used  for  this  study  is  the  adapted 
version  of  SUPAI  student  calculator  survey  (Bitter  & 
Hatfield,  1992).  It  consists  of  23  items  measuring  student 
attitudes  toward  the  use  of  calculator.  It  is  a  four-point 
Likert-type  scale  indicating  student  agreement  with  the 
statement  (item)  about  calculator  use.  A  mean  value  of 
"4*'  indicates  that  the  student  responded  *Very  true"  to  the 
item,  while  a  mean  value  of  "1"  indicates  that  the  student 
responded  '*not  at  all  true."  The  mstrument  has  been 
found  to  be  reliable  and  valid  m  previous  studies.  In  the 
present  study,  the  internal  consistency  reliability  coeffi- 
cient was  found  to  be  .79. 

Procedures 

All  the  students  in  the  present  study  were  issued  a 
pocket  calculator  at  the  beginning  of  the  school  year,  and 
all  the  middle  school  mathematics  teachers  in  the  district 
received  at  least  12  hours  of  mservice  training  on  how  to 


integrate  the  calculator  into  the  current  school  curriculum. 
The  survey  was  admmistered  to  all  students  during 
mathematics  classes  by  experienced  researchers  in  late 
October,  approximately  10  weeks  after  they  were  issued 
the  calculators. 

The  percentages  of  student  agreement  to  the  items 
describe  the  general  attitude  toward  calculator  use.  For 
the  purposes  of  discussion,  students*  responses  of  "very 
true"  or  "sort  of  true"  were  grouped  together  as  well  as 
their  responses  of  "not  very  true"  or  **not  at  all  true".  A 
three-way  multivariate  analysis  of  variance  (MANOVA) 
was  used  to  determine  the  extent  to  which  there  are 
attitudinal  differences  by  students'  gender,  grade,  and 
ethnicity.  Because  of  the  large  sample  size,  the  probability 
level  was  set  at  p  <  .001  for  overall  MANOVA  results. 
Both  univariate  analysis  of  variance  (ANOVA)  and 
follow-up  Duncan  post  hoc  tests  were  used  to  determine 
where  the  significant  differences  were. 

Results 

The  descriptive  results  indicate  that,  in  general, 
middle  school  students  had  favorable  attitudes  toward  the 


Table  1 

Student  Attitudes  Toward  Calculator  Use  in  Percentage 

Very  True  / 

Not  Very  True  / 

Item 

Sort  of  True 

Not  at  all  True 

1.  I  feel  smarter  when  I  use  a  calculator. 

61% 

39% 

2.  Students  should  not  be  allowed  to  use  a  calculator  while  taking  math  tests 

42% 

58% 

3.  The  calculator  will  cause  me  to  forget  basic  arithmetic  facts. 

38% 

61% 

4.  Calculators  make  mathematics  fun. 

80% 

19% 

5.  When  I  work  with  a  calculator,  I  do  not  need  to  show  my  woric  on  paper. 

52% 

48% 

6.  Math  is  easier  if  a  calculator  is  used  to  solve  problems. 

86% 

14% 

7.  I  understand  math  better  if  I  solve  problems  with  paper  and  pencil. 

65% 

35% 

8.  I  know  how  to  use  a  calculator  very  well. 

89% 

11% 

9.  It  is  important  that  everyone  learn  how  to  use  calculators. 

84% 

16% 

10  .1  do  better  in  math  when  I  use  a  calculator. 

77% 

23% 

11.  I  prefer  workmg  word  problems  with  a  calculator. 

67% 

33% 

12.  Using  a  calculator  makes  me  try  harder  in  math. 

43% 

57% 

13.  Using  a  calculator  to  solve  money  {M-oblems  is  confusing. 

25% 

75% 

14.  Calculators  should  be  used  only 

to  check  work  once  the  problem  has  been  worked  out  on  paper. 

50% 

50% 

15.  Calculators  are  not  useful  for  solvmg  fraction  problems. 

30% 

70% 

16.  I  feel  calculators  should  be  used  on  math  homework. 

73% 

26% 

17.  Using  a  calculator  will  cause  me  to  forget  how  to  do  basic  computation  skills.  36% 

64% 

18.  The  calculator  makes  me  a  better  problem  solver. 

58% 

42% 

19.  If  I  continue  to  use  a  calculator,  my  estimation  skill  will  decrease. 

37% 

63% 

20.  My  parents  do  not  like  me  to  use  a  calculator  for  my  math  work. 

42% 

58% 

21 .  Using  a  calculator  does  not  help  me  with  my  math  woric. 

22% 

78% 

22.  In  my  math  class,  I  know  when  I  can  and  cannot  use  my  calculator. 

84% 

16% 

23.  I  have  difficulty  readmg  the  calculator  screen. 

13% 

87% 
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Table  2 

Main  Effects  of  Gender  on  Student  Calculator  Attitudes 


MaleFemaie 
(n  =  2834)     (n  =  2914) 
Item     M        SD       M        SD  F  

1 .  I  feel  smarter  when  I  use  a  calculator. 

2.  Students  should  not  be  allowed  to  use  a  calculator 
while  taking  math  tests. 

3.  The  calculator  will  cause  me  to  forget  basic  arithmetic  facts. 

4.  Calculators  make  mathematics  fun. 

5.  When  I  work  with  a  calculator,  I  do  not  need  to  show 
my  work  on  paper. 

6.  Math  is  easier  if  a  calculator  is  used  to  solve  i»-oblems. 

7.  I  understand  math  better  if  I  solve  problems  with  paper  and  pencil. 

8.  I  know  how  to  use  a  calculator  very  well. 

9.  It  is  important  that  everyone  learn  how  to  use  calculators. 
10. 1  do  better  in  math  when  I  use  a  calculator. 

11 . 1  prefer  working  word  problems  with  a  calculator. 

12.  Using  a  calculator  makes  me  try  harder  in  math. 

13.  Using  a  calculator  to  solve  money  problems  is  confusing. 

14.  Calculators  should  be  used  only  to  check  work  once  the  problem 
has  been  worked  out  on  paper. 

15.  Calculators  are  not  useful  for  solving  fraction  problems. 
16. 1  feel  calculates  should  be  used  on  math  homework. 

17.  Using  a  calculator  will  cause  me  to  forget  how  to  do 
basic  computation  skills. 

18.  nie  calculator  makes  me  a  better  problem  solver. 

19.  If  I  continue  to  use  a  calculator,  my  estimation  skill  will  decrease. 

20.  My  parents  do  not  like  me  to  use  a  calculatw  for  my  math  work. 

21 .  Using  a  calculator  does  not  help  me  with  my  math  work. 

22.  In  my  math  class,  I  know  when  I  can  and  cannot  use  my  calculatoi 
23. 1  have  difficulty  reading  the  calculator  screen. 

*B<  0.001 


2.68 

1.05 

2.64 

0.98 

2.38 

2.29 

1.21 

2.22 

1.18 

4.06 

2.17 

1.08 

2.11 

1.04 

3.81 

3.17 

0.97 

3.25 

0.87 

9.46 

2.54 

1.19 

2.55 

1.14 

0.17 

3.42 

0.84 

3.39 

0.82 

2.58 

2.83 

1.06 

2.84 

0.99 

0.69 

3.36 

0.76 

3.33 

0.72 

3.88 

3.32 

0.89 

3.39 

0.82 

10.11 

3.11 

0.94 

3.08 

0.89 

2.17 

2.85 

1.05 

2.90 

1.01 

3.10 

2.28 

1.08 

2.34 

1.05 

3.37 

1.87 

1.02 

1.78 

0.96 

12.44* 

2.52 

1.12 

2.53 

1.10 

1.43 

2.01 

1.11 

1.93 

1.07 

7.39 

3.04 

1.04 

3.06 

0.99 

0.29 

2.13 

1.05 

2.11 

1.02 

0.26 

2.67 

1.06 

2.63 

0.98 

1.75 

2.80 

1.08 

2.85 

1.01 

2.22 

2.29 

1.19 

2.16 

1.16 

13.82* 

1.82 

1.04 

1.68 

0.96 

25.77* 

3.30 

0.97 

3.47 

0.86 

52.15* 

1.50 

0.89 

1.34 

0.73 

59.45* 

use  of  calculators.  Table  1  reports  the  students'  attitudes 
toward  calculator  use  in  percentage.  Over  80%  of  the 
students  responded  "very  true"  or  "sort  of  true"  that  (a) 
they  know  how  and  when  to  use  calculator,  (b)  it  is 
important  that  everyone  learns  how  to  use  calculator,  (c) 
calculators  make  mathematics  fun,  and  (d)  mathematics  is 
easier  if  a  calculator  is  used  to  solve  problems.  About 
three-quarters  of  the  students  responded  that  they  did 
better  in  mathematics  when  they  used  calculators  and  that 
they  felt  calculators  should  be  used  in  mathematics 
homework.  However,  only  slightly  over  40%  of  the 
students  responded  that  using  a  calculator  made  them  try 
harder  in  mathematics.  About  40%  of  the  students 
responded  that  students  should  not  be  allowed  to  use  a 
calculator  while  taking  mathematics  tests,  and  that  the 
calculator  would  cause  them  to  forget  basic  arithmetic 
facts  or  decrease  their  estimation  skills.  About  an  equal 


number  of  students  responded  that  their  parents  did  not 
like  them  to  use  calculator  for  their  mathematics  work. 
Half  of  the  students  indicated  that  calculators  should  be 
used  only  to  check  work  once  the  problem  had  been 
worked  out  on  paper.  As  high  as  65%  of  the  students 
indicated  that  they  understood  better  if  they  solved 
problems  with  paper  and  pencil. 

The  three-way  MANOV A  results  revealed  overall 
significant  differences  in  students*  attitudes  attributable  to 
gender  (F(23, 5712)  =  7.61,  p<.001),  grade  (F(46, 
11404)=24.00,  p<.001),  ethnicity  (F(69,  17035.39)=8.30, 
p<.001),  and  the  interaction  of  grade  and  ethnicity  (F(138, 
33255.89)  =  1.63,  p<.001).  As  a  follow-up  procedure, 
univariate  ANOVAs  and  Duncan  multiple  comparison 
tests  were  used  to  determine  where  the  differences  are. 

Table  2  reports  the  main  effect  of  gender  on  student 
calculator  attitudes.  The  results  reveal  that  the  girls 
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generally  felt  more  positive  about  the  use  of  calculator 
than  the  boys.  Fewer  girls  than  boys  felt  that  using 
calculatcM-s  was  not  helpful.  Girls  had  less  difficulty 
reading  the  calculator  screen,  and  their  parents  were  less 
likely    disapprove  of  their  using  calculators  for  math- 
eniatics  work. 

Girls  were  more  certain  of  when  they  can  use  calcula- 
iors  in  niathematics  classes.  Boys  showed  a  greater 
variation  m  responses. 

Further  ANOVA  results  indicate  that  the  interaction 
effects  of  gender  and  ethnicity  were  found  in  students' 
responses  to  (a)  item  4:  calculators  make  mathematics  fun 
(F=3.02,  p<.01),  (b)  item  16: 1  feel  calculators  should  be 
used  on  math  homework  (F=3.07,  p<.01),  and  (c)  item  23: 
I  have  difficulty  reading  the  calculator  saeen  (F=2.82, 
p<.01).  Table  3  compares  the  means  of  calculator 
attitudes  among  students  from  various  ethnic  groups 


within  the  same  grade  level  on  items  of  significant 
differences.  Within  the  sixth  and  eighth  grade  levels, 
Asian  students  were  less  likely  to  respond  that  calculator 
make  mathematics  fun  than  students  from  other  ethnic 
groups.  With  each  grade  level,  fewer  Asian  students  felt 
that  calculator  should  be  used  on  math  homework  than 
other  students,  whereas  more  Hispanic  students  responded 
that  they  had  difficulty  reading  the  calculator  screen  than 
other  students.  Black  sixth  grade  students  were  also  more 
likely  to  have  difficulty  reading  the  calculator  screen. 

Discussion 

The  results  of  the  present  study  support  previous 
research  findings  that  while  students  generally  hold 
positive  attitudes  toward  the  use  of  calculators,  they 
simultaneously  express  concerns  about  the  possible 
negative  effect  of  using  calculators.  To  enhance  high  level 


Table  3 

Differences  in  Calculator  Attitude  among  Students  from  Various  Ethnic  Groups 
within  the  same  Grade  Level 


D.V.:  Calculators  make  mathematics  fun. 


Asian 

Hispanic 

Black 

White 

F 

6th  Grade 

M 

3.04a 

3.23b 

3.23b 

3.36c 

9.58* 

SD 

0.97 

0.94 

1.00 

0.86 

7th  Grade 

M 

3.19a 

3.26a 

3.31a 

3.30a 

1.79 

SD 

0.86 

0.88 

0.92 

0.85 

8th  Grade 

M 

2.90a 

3.18b 

3.26b 

3.15b 

12.46* 

SD 

0.98 

0.92 

0.91 

0.92 

D.V.:  I  feel  calculator  should  be  used  on  math  homework. 

 Asian  Hispanic  Black  White  F 

6th  Grade  M  2.49a  2.99c  2.80bc  2.94b  18.58* 

SD  1.10  1.04  1.11  1.06 

7th  Grade  M  2.94a  3.15b  3.08b  3.19b  6.04* 

SD  0.99  0.98  0.98  0.94 

8th  Grade  M  3.02a  3.20b  3.26b  3.42c  16.07* 

SD  1.01  0.93  0.92  0.82 


D.V.:  I  have  difficulty  reading  the  calculator  screen. 


Asian 

Hispanic 

Black 

White 

F 

6th  Grade 

M 

1.36a 

1.55b 

1.55b 

1.34a 

9.85* 

SD 

0.78 

0.92 

0.89 

0.73 

7th  Grade 

M 

1.35a 

1.50b 

1.38a 

1.37a 

3.29 

SD 

0.78 

0.86 

0.79 

0.78 

8th  Grade 

M 

1.42a 

1.58b 

1.35a 

1.33a 

8.48* 

SD 

0.81 

0.93 

0.78 

0.74 

*D<.0Ol 

Note:  Mean  values  with  the  same  letter  are  not  significantly  different  from  each  other. 
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and  critical  thinking,  middle  school  mathematics  teachers 
may  need  to  reassure  their  students  of  the  appropriate  use 
of  calculators.  To  do  so,  the  teacher  themselves  will  need 
an  understanding  of  how  to  best  integrate  calculators  in 
their  classroom  insuiiction.  Teacher  educators  should 
adequately  prepare  teachers  with  such  an  understanding 
and  training.  The  results  of  the  present  study  further 
suggest  that  demographic  characteristics  such  as  gender, 
grade,  and  ethnicity  differentially  influence  students' 
attitudes  toward  the  use  of  calculators.  Since  both  male 
and  female  students'  attitudes  toward  calculators  have 
been  found  to  be  positively  associated  with  their  math- 
ematics performance  (Munger  &  Loyd,  1989),  it  is 
important  to  investigate  students'  attitudes  and  the  factors 
that  may  affect  their  attitudes  when  integrating  calculator 
use  in  the  mathematics.  While  middle  school  students 
were  generally  found  to  have  positive  attitudes  toward 
calculator  use,  girls*  attiUides  were  significantly  more 
favorable.  This  finding  is  consistent  with  previous  studies 
that  compared  seventh  and  eighth  grade  boys'  and  girls' 
attitudes  after  calculators  were  introduced  to  their 
mathematics  classes  (Bitter  &  Hatfield,  1992). 

Students  from  different  ethnic  groups  demonstrated 
significantly  different  altitudes  toward  various  aspects  of 
calculator  use,  particularly  in  the  sixth  and  eighth  grades. 
These  findings  raise  several  plausible  explanations  that 
need  further  investigation.  Asian  middle  school  students, 
for  example,  may  be  more  confident  than  other  students  in 
mathematics  and  consequently  less  dependent  on  calcula- 
tors. Hispanic  students,  on  the  other  hand,  may  be  less 
technology  oriented  than  other  students,  and  consequently 
have  difficulty  reading  the  calculator  screen.  The  underly- 
ing factors  of  these  and  the  other  significant  differences 
found  in  the  present  study  deserve  further  investigation. 
Nonetheless,  findings  of  this  large  scale  research  study 
have  provided  in  depth  a  demogr^hic  composite  of 
variables  and  their  interactions  on  students'  attitudes 
toward  the  use  of  calculators.  Mathematics  teachers  may 
keep  in  mind  the  individual  differences  in  students' 
indications  toward  technology  use  and  adjust  their 
teaching  strategies  accordingly.  To  increase  the  applica- 
tion of  the  attitudinal  study  future  research  may  want  to 
examine  the  relationship  between:  (a)  students'  attitudes 
and  their  actual  use  of  calculators,  and  (b)  students'  and 
teachers'  attitudes  toward  calculators. 
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In  the  last  two  decades  there  has  been  a  great  deal  of 
research  that  has  employed  systematic  classroom 
observation  techniques  to  investigate  effective 
teaching  at  the  elementary,  middle,  and  high  school  levels 
(Brophy  &  Good,  1986;  Evertson  &  Green,  1986;  Galton, 
1988).  Although  there  have  been  several  criticisms  and 
cautions  related  to  the  use  of  structured  observation 
techniques  (Evertson  &  Green,  1986;  Galton,  1988), 
several  researchers  have  demonstrated  how  the  use  of 
observational  techniques  can  improve  teachers'  classroom 
instruction  (Stallings  &  Freiberg,  1991;  Stallings, 
Needels,  &  Stayrook ,  1979).  One  important  area, 
however,  that  has  not  been  widely  investigated  within  the 
study  of  classroom  observation  is  that  of  examining  how 
systematic  observations  can  help  us  understand  the 
academic  problems  of  individual  students  or  individual 
groups  of  students.  Most  classroom  observation  research 
has  either  focused  on  teacher  behaviors  or  genetsd 
classrocHn  behavior,  and  very  little  research  has  been 
specifically  targeted  at  the  classroom  behaviors  of 
individual  students.  This  has  been  especially  true  in  the 
area  of  technology,  where  studies  often  use  survey  reports 
to  assess  tf;chnology  use  in  schools  (Cohen  &  Fhess, 
1979;  Pagni,  1991;  Terranova,  1990).  Since  there  are 
many  criticisms  of  self-reported  assessments  of  technol- 
ogy use,  it  is  important  to  observe  the  actual  extent  to 
which  tech  nology  is  used  in  classrooms  and  specifically 
look  at  the  technology  use  of  individual  students  because 
it  may  diftoentiate  the  academic  success  or  failure  of 
these  sturJents. 

Theri  have  been  a  few  studies  that  have  used  class- 
room observation  to  investigate  technology  use  in 
multiethnic  settings  (Copley  &  Williams,  1992;  Williams, 
Copley.  Huang.  &  Bright,  1993).  but  these  studies  have 
not  sp'^cifically  examined  differences  among  individuals 
or  groups  of  students  on  the  amount  of  time  they  use 
technology  in  theu"  classes.  Furthermore,  many  of  the 
studiijs  observing  technology  use  have  been  generic  (i.e., 
genej.alizuig  aaoss  grade  levels  and  content  areas),  rather 
than  specifically  focused  on  a  given  subject  and/or  grade 
level  (Gage,  1985,  Gage  &  Needels,  1989;  Needels  & 
Gage,  1991). 

The  objective  of  the  present  study  is  to  systennatically 
observe  the  technology  used  in  mathematics  by  middle 
school  students  from  different  ethnic  groups,  genders,  and 
grade  levels.  More  specifically,  this  study  examines 
whether  there  are  significant  differences  between  middle 
school  boys  and  girls  of  various  ethnic  groups  and  grade 
levels  on  their  technology  use  observed  m  the  classroom. 

Methods 

Subjects 

The  subjects  in  the  present  study  were  1,315  middle 
school  students  from  a  multiethnic  school  district  located 
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within  the  vicinity  of  a  major  metropolitan  city  in  the 
South  Central  region  of  the  United  States.  The  school 
district  was  selected  because  it  bad  recently  been  awarded 
a  tyrant  frcm  the  Department  of  Education  involving  the 
integration  of  calculators  in  aiathematics  instruction.  A 
great  majority  of  the  students  were  from  lower-middle  to 
upper-  middle  class  families.  '^They  represented  a  better 
than  average  national  achievement  level.  The  gender 
distribution  among  these  students  was  nearly  equal: 
49.4%  female  and  50.6%  male.  About  32%  of  the 
students  observed  were  white,  26%  were  black,  20%  were 
Hispanic,  and  23%  were  Asian.  About  38%  of  the 
students  were  sixth  graders,  32%  were  seventh  graders, 
and  30%  eighth  graders. 

Instrument 

The  instrument  used  m  the  present  study  was  a 
modified  version  of  the  Classroom  Observation  Schedule 
(COS)  (Waxman,  Wang,  Lindvall,  &  Anderson,  1983). . 
The  COS  is  a  systematic  observation  schedule  designed  to 
document  observed  student  behaviors  in  the  context  of 
ongoing  classroom  instructional-learning  processes. 
Individual  students  are  observed  with  reference  to  (a) 
their  interactions  with  teachers  and/or  peers  and  the 
purpose  of  such  inieracUons,  (b)  the  settings  in  which 
observed  behaviors  occur,  (c)  the  types  of  material  with 
which  they  are  wcM-king,  and  (d)  the  specific  tyi^es  of 
activities  in  which  they  engage.  For  the  present  study,  die 
type  of  technology  used  was  added  to  the  observation 
schedule  and  was  the  only  scale  used.  Four  indicators 
were  used  to  measure  the  percentage  of  time  that  any 
calculator  or  computer  was  used.  The  median  interater 
reliability  (Cohen*  s  Kappa)  of  this  scale  was  found  to  be 
.98. 

Procedures 

Prior  to  the  observation,  all  malliematics  teachers  had 
12  hours  of  training  in  calculator  use,  and  each  student 
was  issued  a  hand-on  calculator.  The  observations  were 
conducted  in  mathematics  classes  in  the  spring  semester 
by  Gained  observers.  Both  teachers  and  students  were  not 
notified  of  the  purpose  of  observation.  Arrangements 
were  made  to  observe  regular  classroom  processes; 
classes  devoted  to  special  activities  (e.g.,  standardized 
tests,  quizzes,  etc.)  were  avoided.  Stratified  sampling 
techniques  (i.e.,  gender  and  ethnicity)  were  used  so  that 
approximately  six  students  from  each  class  were  ran- 
domly chosen  to  be  included  in  the  sample.  Each  student 
was  observed  for  ten  intervals  (each  interval  was  30 
seconds)  during  the  approximately  50  minute  data- 
collection  period.  A  three-way  multivariate  analysis  of 
variance  (MANOV A)  was  used  to  determine  if  there  were 
any  statistically  significant  differences  among  students  of 
various  grade  levels,  genders,  and  ethnic  groups  on  the 


amount  of  tune  they  used  a  specific  type  of  technology. 
Because  of  the  large  sample  size  and  the  great  variance 
between  observations,  the  probability  level  was  set  at  .01. 

Results 

The  descriptive  results  indicate  that  on  average 
calculators  were  used  in  matliematics  about  25%  of  the 
time.  Both  tlie  overhead  projector  calculators  and  ccxnput- 
ers  that  were  used  were  observed  less  than  0.1%  of  the 
time,  and  no  technology  was  used  about  75%  of  the  time. 
Of  the  1,315  students  observed,  about  54%  never  used 
calculators,  22%  used  calculators  over  half  of  the  time, 
and  9%  of  them  used  calr  ilators  all  the  time. 

The  MANOV  A  results  indicated  an  overall  significant 
multivariate  effect  for  grade  level  on  students'  use  of 
technology  in  the  middle  school  mathematics  class  (F(8 
2576)  =  3.63,  p<.001).  Follow-up  univariate  analysis  of 
variance  (ANOVA)  revealed  that  the  differences  were 
found  in  die  categories  of  "calculators"  and  "no  technol- 
ogy". Table  1  reports  the  descriptive  and  univariate 
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Table  1   

Descriptive  and  Univariate  ANOVA  Result  of  Technology  Used  by  Students  of  Different  Grade  Levels, 
Ethnic  Groups,  and  Gender- 


By  Grode 


6th  grade 

7th  grade 

8th  grade 

(n=495) 

(n=422) 

(n=398) 

Item 

M 

SD 

M 

SD 

M 

SD 

F 

1 .  Calculator 

22.99 

32.54 

29.71 

37.51 

20.86  32.41 

8.16* 

2.  Overhead  projector 

calculator 

0 

0 

0.12 

1.21 

0 

0 

4.04 

3.  Computer 

0.15 

2.10 

0 

0 

0 

0 

1.93 

4.  No  technology 

76.88 

32.54 

70.20 

37.51 

79.20  32.33 

8.33* 

*  p<.001 

By  Ethnicity 

White 

Black 

Hispanic 

(n=419) 

(n=336) 

(n=255) 

(n=305) 

Item  M 

SD 

M 

SD 

M  SD 

M  SD 

F 

1.  Calculator  24.87 

34.87 

22.84 

32.86 

24.96  35.56 

25.44  34.30 

.41 

2.  Overhead  projector 

calculator  0.06 

0.86 

0 

0 

0.05  0.78 

0.04  0.72 

.52 

3.  Computer  0.09 

1.83 

0 

0 

0  0 

0.12  1.60 

.63 

4.  No  technology  75.01 

34.88 

77.16 

32.86 

74.99  35.55 

74.51  34.20 

.43 

By  Gender 

Male 

Female 

(n=666) 

(n=649) 

Item 

M 

SD 

M  SD 

F 

1.  Calculator 

24.07 

33.95 

24.93  34.77 

.17 

2.  Overhead  projector 

calculator 

0.02 

0.48 

0.06  0.85 

1.46 

3.  Computer 

O.ll 

1.81 

0  0 

1.81 

4.  No  technology 

75.84 

33.93 

75.02  34.75 

.17 

ANOVA  results  of  technology  used  by  students  of 
different  grade  levels,  ethnic  groups,  and  genders. 

Seventh  grade  students  were  observed  using  calcula- 
tors significantly  more  frequently  than  sixth  or  eighth 
grades  (F=  8.16,  p<.(X)l).  Consequently,  they  were 
observed  less  frequently  not  using  technology  (F=  8.33, 
p<.001)  than  students  from  other  grades. 

Although  the  differences  were  small  and  not  statisti- 
cally significant,  Asian  students  were  observed  more 
frequently  using  calculators  and  computers  than  students 
from  other  ethnic  groups.  Black  students  were  observed 
using  all  categories  of  technology  less  frequently  than 


other  ethnic  groups.  Girls  were  observed  using  calculators 
slightly  more  than  boys,  but  only  boys  were  observed 
using  computers. 

Discussion 

The  results  of  this  study  found  that  the  computer  was 
seldom  utilized  in  mathematics  classrooms.  The  very  low 
percentage  of  use  suggests  that  integrating  technology  in 
middle  school  mathematics  classrooms  has  fallen  short  in 
some  areas.  Previous  studies  on  computer  use  often 
measured  the  effects  of  special  interventions  (Nicholson 
&  Wahl.  1988;  Reglin.  1988).  The  present  smdy  which 
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observed  regular  classroom  interacQons  may  provide  a 
much  more  realistic  assessment  of  what  actually  occurs  in 
muJtiethnic,  metropolitan  school  districts.  Traditionally 
computer  and  calculator  uses  were  considered  to  be 
effective  in  the  improvement  of  teaching  and  learning  in 
mathematics  and  science  (Bitter  &  Hatfield,  1992;  Funk, 
1987;  Hembree  &  Dessart,  1986).  The  very  low  percent- 
age of  computer  and  other  technology  use  raises  some 
concern.  Barriers  to  computer  and  other  technology  use 
such  as  the  requirement  of  computer  expertise,  difficulties 
with  whole-class  demonstration  format  and  so  forth  need 
to  be  identified  and  overcome  (Russek  &  Weinberg, 
1991).  Similar  to  the  calculator  use,  the  availability  of 
computers  in  each  classroom  and  teacher  in-service 
training  of  how  to  implement  computers  in  classroom 
instruction  may  be  part  of  the  solution  to  enhance 
computer  utilization  in  education. 

Students'  use  of  calculators  was  boasted  by  the 
provision  of  a  free  calculator  for  each  student  and  teacher 
in-service  training.  Students  used  calculatCM-s  about  one 
quarter  of  the  time  they  were  observed.  Seventh  grade 
students,  however,  were  observed  using  calculator 
activities  significantly  more  than  students  from  other 
grades.  Some  of  the  possible  explanations  for  the  grade 
differences  may  include  mathematics  content,  teacher  and 
student  attitudes,  and  other  factors. 

Several  prior  research  studies  have  repented  differ- 
ences between  secondary  school  boys'  and  girls'  use  of 
technology  and  the  reasons  for  the  differences  (Anderson, 
1983;  Arenz  &  Lee,  1990;  Culley,  1988;  Funk,  1987; 
Miura,  1986;  Nielsen  &  Roepstorff,  1985;  Voogt,  1987). 
Conuary  to  these  previous  findings,  the  present  study 
found  no  statistically  significant  differences  by  gender  on 
students'  use  of  technology. 

Students'  ethnic  group  has  been  found  to  be  related  to 
the  variance  of  their  mathematics  achievement  (ETS, 
1988),  but  the  present  study  found  that  there  were  no 
differences  among  ethnic  groups  on  the  amount  of 
students'  use  of  technology.  Since  the  present  classroom 
observation  study  focuses  on  the  quantity  of  technology 
used  by  middle  school  students  in  mathematics  classes, 
additional  observational  data  examining  how  the  specific 
technology  is  used  by  students  as  well  as  by  teachers  may 
provide  an  insight  to  the  quality  of  technology  use. 
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Infroduction 

In  rficent  years,  there  have  been  a  large  number  of 
studies  that  have  examined  the  use  of  technology  in 
schools  (Becker,  1986;  Plomp  &  Pelgrum,  1991; 
Ross,  1991).  Some  studies  have  been  generic  in  nature 
and  have  reported  broad  findings  that  are  meant  to  be 
generalized  either  across  the  country,  region  of  the 
country,  or  a  given  state.  Other  studies  Lave  been  some- 
what more  specific,  assessing  technology  use  in  particular 
districts  or  individual  schools,  but  these  studies  generally 
do  not  examine  the  extent  to  which  ccnnputer  technology 
is  integrated  in  the  curriculum  and  used  in  individual 
classrooms. 

Another  current  criticism  of  the  research  on  technol- 
ogy use  in  schools  is  related  to  the  measurement  of 
"technology  use."  Many  studies  assessing  technology  use 
have  relied  on  self-report  data  from  administrators  and/or 
teachers.  These  type  of  data,  however,  are  often  unreliable 
and  tend  to  be  upwardly  biased  in  the  direction  of  over 
reporting  the  actual  amount  technology  use.  Since  tiiere 
are  many  criticisms  of  self-reported  assessments  of 
technology  use  it  is  important  to  observe  the  actual  extent 
to  which  technology  is  used  in  schools  and  more  specifi- 
cally look  at  how  computer  technology  is  integrated  in 
individual  classrooms. 

There  have  been  a  few  studies  that  have  used  class- 
room observation  to  investigate  technology  use  in 
multiethnic  settings  (Copley  &  Williams,  1992;  WiUiams, 
Copley,  Huang,  &  Bright,  1993),  but  again  these  studies 
have  not  specifically  examined  the  extent  to  which 
computers  are  integrated  in  individual  classrooms  across 
grade  levels  and  content  areas.  Furthermore,  they  have  not 
systematically  observed  technology  use  in  classrooms 
from  inner-city,  urban  schools,  where  the  highest  percent- 
age of  students  at  risk  of  failure  are  found  (Boyd,  1991; 
Hodgkinson,  1991).  Nowhere  are  the  social  implications 
of  increasing  numbers  of  disadvantaged  families  in  inner 
ciUes  more  prevalent  than  in  the  large,  urban  school 
districts  where  the  deletorious  conditions  of  under- 
achievement,  student  and  teacher  alienation,  and  high 
drop-out  rates  exist.  Furthermore,  many  of  the  physical 
structures  and  facilities  in  inner-city  schools  are  abysmal 
and  in  desperate  need  of  rehabilitation  (Piccigallo,  1989). 

Although  there  is  some  evidence  that  suggests  that 
technology  can  enhance  the  education  of  students  from 
urban,  at-risk  school  environments  (Office  of  Technology 
Assessment,  1988;  Olsen,  1990),  several  educators  argue 
that  the  use  of  technology  in  the  schools  will  create  even 
greater  disparities  by  actually  widening  the  gaps  between 
minority  and  non-minority  students  (Apple,  1988, 1991; 
Cummins  &  Sayers,  1988;  Johnson  &  Maddux,  1991). 
Elementary  and  secondary  students  from  higher-income 
families,  for  example,  are  more  likely  to  use  computers  in 
school  and  in  their  homes  than  students  from  lower- 
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income  families  (Cole  &  Griffin,  1987;  Sutton,  1991;  U,S, 
Department  of  Education,  1991).  Minority  students  in 
urban  schools  have  been  found  to  have  less  access  to 
computers  than  students  from  suburban  districts  (Office 
of  Technology  Assessment,  1988;  Kcciano,  1991; 
Picciano  &  Kinsler,  1991;  Sutton,  1991).  Likewise,  there 
is  evidence  that  there  are  differences  in  how  computers 
are  used  in  schools  with  predominantly  minority  students. 
In  those  schools,  students  typically  work  on  tutorial  and 
rote  driil-and-practice  programs,  while  schools  with 
students  from  higher-income  families  generally  use 
computers  for  problem  solving  and  programming  (Cole  & 
Griffin,  1987;  Office  of  Technology  Assessment,  1988). 
While  there  is  some  evidence  that  this  trend  may  be 
changing  (Picciano,  1991;  Picciano  &  Kinsler,  1991),  this 
general  problem  of  computer  use  in  inner-city  classro(xns 
is  one  that  needs  to  be  seriously  addressed.  Consequendy, 
the  objective  of  the  present  study  is  to  systematically 
observe  the  extent  to  which  computer  technology  is  used 
in  elementary  and  middle  school,  inner-city  classrooms. 

Methods 

Subjects 

Two  hundred  classrooms  from  a  large  urban  school 
district  located  in  the  South  Central  area  of  the  United 
States,  were  randomly  selected  to  be  included  in  the 
study.  This  urban  school  district  is  one  of  the  largest  in 
the  country  and  over  70%  of  all  students  in  the  district  are 
ethnic  minorities.  A  total  of  approximately  eight  third, 
fourth,  and  fifth  grade  classes  were  selected  from  each  of 
the  16  elementary  schools  in  the  sample,  while  about  six 
sixth  and  eighth  grade  classrooms  were  randomly  selected 
from  the  12  middle  schools.  There  were  a  total  of  1 16 
elementary  and  84  middle  school  classrooms  in  the  study. 

Instrument 

The  Computer  Usage  Scale  (CUS)  was  developed 
specifically  for  the  present  study  and  was  used  to  assess 
the  amount  of  time  computers  were  used  in  the  classroom 
and  how  the  computer  was  used.  Each  observer  was 
trained  individually  to  use  the  (CUS)  and  the  inter-rater 
reliability  for  the  scale  was  found  to  be  greater  than  .80. 

The  CUS  is  a  high-inference  scale  that  the  classroom 
observer  completes  after  observing  the  class  for  approxi- 
mately 40  minutes.  The  rating  scale  is  an  estimate  of  how 
much  time  each  of  the  items  related  to  computer  use  were 
observed  during  the  observation  period.  The  CUS 
includes  items  such  as  (a)  the  number  of  computers  in  the 
classroom,  (b)  the  amount  of  time  students  spent  working 
with  computers,  (c)  the  amount  of  time  the  teacher  used 
the  computer  as  part  of  classroom  insuuction,  and  (d)  the 
amount  of  time  students  used  computers  for  activities  like 
drill-and-practice,  problem  solving,  games,  writing, 
mathematics,  and  science. 


Procedures 

Each  teacher  was  observed  using  the  CUS  on  two 
separate  occassions  during  a  four-week  period  near  the 
end  of  the  school  year.  The  observations  lasted  approxi- 
mately 40  minutes  each  time  and  were  scheduled  for  the 
same  class  period  (time  of  day)  for  each  observation. 
There  were  no  restrictions  placed  on  the  teachers  regard- 
ing subject  or  content  area  and  we  were  therefore  able  to 
observe  teachers  providing  instruction  in  all  major  content 
areas. 


Results  ond  Discussion 

Table  1  reports  the  observational  results  by  type  of 
school.  One  computer  was  found  in  each  of  the  elemen- 
tary school  classrooms  observed  (A/  =  1.0).  There  was  an 
average  of  slightly  over  one  computers  in  each  of  the 
middle  school  classrooms  (Af  =  1.1),  but  the  number 
varied  from  one  to  as  many  as  six  computers  in  one 
classroom.  Computers  were  not  observed  being  used  in 
elementary  school  classes  and  they  were  observed  only 
2%  of  the  time  in  middle  school  classes.  Elementary 
school  students  were  not  observed  using  computers  for 
any  type  of  computer  activities,  while  middle  school 
students  were  observed  using  computers  for  (a)  problem 
solving  (1 .5%),  (b)  writing  activities  (.9%),  and  (c)  games 
(.9%).  In  middle  school  classrooms,  teachers  were 
observed  using  the  computer  as  part  of  their  classroom 
instruction  less  than  1%  of  the  time  (.9%),  while  elemen- 
tary school  teachers  were  never  observed  using  the 
computer  as  part  of  their  classroom  instruction. 

The  findings  of  the  present  study  suggest  that  comput- 
ers are  not  being  integrated  into  the  delivery  of  instruction 
in  this  inner-city  school  district.  This  is  especially 
problemmatic  given  that  there  is  some  growing  evidence 
that  suggests  that  technology  can  significantly  improve 
the  education  of  students  in  urban  schools.  Olsen  (1990), 
for  example,  found  that  integrated  learning  systems 
significantly  improved  the  academic  achievement  of 
minority  students  from  several  minority  school  districts 
across  the  country.  This  integrated  learning  system 
included  (a)  computerized,  criterion-referenced  tests  that 
allowed  for  individualized  assessment,  (b)  courseware 
providing  interactive  practice  and  feedback  and  covering 
basic  skills,  higher-order  thinking,  and  problem  solving, 
and  (c)  an  instructional  management  system  that  allowed 
teachers  to  monitor  and  track  students'  progress. 

Although  the  present  study  provides  evidence  that 
there  is  a  lack  of  computer  integration  in  the  elementary 
and  middle  school  curriculum  of  this  urban  school 
district,  the  problems  identified  here  are  not  unique  to  this 
particular  district.  Several  studies,  for  example,  have 
similarly  found  that  computers  in  schools  are  rarely  used 
for  subjects  like  reading,  mathematics,  or  science,  but  are 
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Table  1 

Summary  of  Computer  Use  and  Type  of  Computer  Activities 


Elementary  Middle 
School  School 

(n  =  116)   (n  =  84) 


Computer  Use 

1.  Number  of  computers  in  the  classroom  10  11 

2.  Amount  of  class  time  students  spent  working  with  computers  0%  2.1  % 

Types  of  Computer  Activities 

3.  Teacher  uses  computers  as  part  of  classroom  instruction  0%  0.9% 

4.  Students  use  computers  for  drill  and  practice  0  12 

5.  Students  use  computers  for  problem  solving  0  15 

6.  Students  use  computers  for  games  0  0.9 

7.  Students  use  computers  for  writing  activities  0  0.9 

8.  Students  use  computers  for  math  activities  0  0 

9.  Students  use  computers  for  science  activities  0  0 

10.  Students  use  computers  for  odier  activities  0  0 


generally  used  exclusively  for  learning  about  computers 
themselves  (Office  of  Technology  Assessment,  1988). 

Despite  the  well-known  potential  of  instructional 
technology  to  improve  the  cognitive  and  affective 
outcomes  of  students,  only  a  very  small  number  of 
teachers  in  present  study  were  integrating  technology  in 
the  curriculum.  These  findings  suggest  that  the  process  of 
integrating  instructional  technology  into  content  areas  is 
still  in  its  early  stages.  Effective  integration  of  instruc- 
tional technology  in  the  curriculum  is  a  complex  process 
that  will  require  restructiulng  of  schools  and  classrooms. 
Future  research  may  need  to  examine  factors  that  may 
contribute  to  the  lack  of  integration,  such  as  acquiring 
more  cc«nputers,  training  teachers  to  use  computers, 
selectmg  software,  and  integrating  software  into  the 
curriculum. 
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Many  educators  and  professional  organizations 
are  advocating  that  both  calculates  and 
computers  need  to  be  widely  used  and 
integrated  into  the  middle  school  mathematics  curriculum 
(MSEB,  1990;  NCm,  1989;  NRC,  1989;  Willoughby, 
1990).  Although  many  informal  reports  and  status  studies 
indicate  that  technology  use  is  mcreasing  in  schools,  there 
have  been  very  few  large-scale,  national  studies  that  have 
actually  examined  how  calculators  and  computers  are 
used  in  middle  school  mathematics  classrooms.  Another 
important  issue  related  to  technology  use  is  whether  or 
not  students  from  different  types  of  schools  have  equal 
access  to  the  technology  and  use  of  technology  similarly. 
Several  studies,  for  example  have  found  that  there  are 
differences  between  urban  and  suburban  schools  on  the 
access  and  use  of  computers.  Most  of  these  studies, 
however,  have  been  relatively  small  scale  studies  compar- 
ing one  urban  district  to  a  suburban  district.  Large  scale 
systematic  studies  are  needed  to  replicate  these  i^vious 
studies. 

The  purpose  of  the  present  study  is  to  examine  the 
access  and  use  of  technology  in  mathematics  at  the 
middle  school  level.  Moreover,  this  study  compares 
technology  access  and  use  in  schools  from  three  different 
community  settings:  (a)  urban,  (b)  suburban,  and  (c)  rural 
schools. 


Methods 

Data  for  this  study  were  drawn  from  the  eighth  grade 
cohort  of  the  National  Educational  Longitudinal  Survey 
of  1988  (NELS:88).  The  NELS:88  survey  design  covered 
a  two-stage,  stratified  national  probability  sample.  About 
24,599  eighth  graders,  enrolled  in  1,052  public  and 
private  schools  across  the  nation,  participated  in  the  1988 
base-year  survey,  which  examined  the  school-related 
experiences  and  accomplishments  of  eighth  grade 
students,  their  parents,  and  their  teachers,  along  with 
infonnation  on  their  schools.  For  the  present  study,  the 
teacher  was  the  basic  unit  of  analysis.  NELS:88,  surveyed 
eighth  grade  teachers,  focusing  on  their  educational 
background,  teaching  experiences,  and  classroom 
behaviors.  Infonnation  about  technology  access  and 
technology  use  were  also  included  in  the  teacher  survey. 
For  the  present  study,  3,825  teachers  were  randomly 
selected  from  a  sampling  of  about  6,000  eighth  grade, 
mathematics  teachers.  About  40%  of  the  teachers  were 
categorized  as  being  from  suburban  schools,  while  30% 
were  from  urban  schools,  and  30%  were  from  rural  school 
settings. 

Results 

Table  1  reports  overall  results  which  indicate  that 
about  5 1  %  of  the  eighth  grade  mathematics  teachers 
reported  that  students  did  not  have  access  to  calculators. 
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About  53%  of  the  teachers  reported  that  they  hardly  ever 
or  never  used  calculators  in  their  classroom.  For  those 
teachers  using  calculators,  the  results  indicated  that  26% 
used  them  several  times  a  week.  The  remaining  21%  of 
the  teachers  reported  using  calculators  at  least  once  a 
week. 

About  52%  of  the  teachers  reported  that  less  than  10% 
of  their  students  were  using  computers.  About  20%  of  the 
teachers  reported  greater  than  90%  of  their  students  used 
computers.  The  results  for  computer  use  found  that  the 
majority  of  teachers  in  the  present  study  (33%)  used 
computers  for  enrichment  purposes  only.  This  was 
followed  by  teachers  using  the  computer  for  enrichment 
and  remediation.  The  lowest  usage  of  computers  was  for 
remediation  only  (2.8%). 

Table  2  reports  the  results  by  location  of  school. 
Teachers  from  suburban  schools  reported  diat  about  50% 
of  their  students  had  access  to  calculators,  while  nearly 
49%  of  the  teachers  from  urban  and  rural  schools  reported 
that  their  students  that  have  access  to  calculators.  About 
32%  of  the  suburban  teachers  repwted  that  they  used 
calculators  several  times  a  week,  while  only  21%  of  the 
urban  teachers  of  20%  of  the  rural  teachers  reported  they 
used  calculators  several  times  a  week.  The  results  also 
revealed  that  64%  of  the  rural  teachers  hardly  ever  or 


never  used  calculators,  while  the  percentage  of  urban  and 
suburban  teachers  that  reported  hardly  ever  or  never  using 
calculators  was  55%  and  46%  respectively. 

The  results  indicated  that  66%  of  the  rural  teachers 
reported  that  less  than  10%  of  their  students  were  using 
computers.  The  results  also  indicated  that  48%  of  the 
urban  teachers  and  47%  of  the  suburban  teachers  reported 
that  less  than  10%  of  their  students  used  computers. 
About  25%  of  the  urban  school  teachers  and  22%  of  the 
rural  teachers  reported  that  more  than  90%  of  their 
students  were  using  computers,  but  only  10%  of  the  rural 
teachers  reported  that  more  than  90%  of  their  students 
were  using  computers.  Rural  and  suburban  teachers  were 
most  likely  to  report  that  their  students  used  computers 
for  enrichment,  while  urban  teachers  were  mote  likely  to 
report  dieir  computers  being  used  for  mainly  remediation 
than  suburban  and  rural  teachers. 

Discussion 

The  results  of  the  present  study  suggest  that  there  are 
important  differences  on  the  access  and  use  of  technology 
in  eighth  grade  mathematics  classrooms  by  type  of  school 
cwrununity.  Rural  teachers  reported  that  they  were  less 
likely  to  use  technology  than  teachers  from  suburban  and 
urban  schools.  Urban  teachers  also  ttpon&l  diat  their 


Table  1 

Overall  Summary  of  Technology  Use 


Access  to  Calculators 

Yes  49.3% 

No  50.7 

How  often  calculators  are  used 

Several  times  a  week  25.7% 

Once  a  week  21.2 

Hardly  ever  53.1 

Percentage  of  students  using  computer 

Less  than  10%  52.4% 

10%  to  25%  15.9 
26%  to  50%  7.6 
51%  to  75%  2.8 
76%  to  90%  1.6 

Greater  than  91%  19.8 

How  computers  are  used  for  instruction 

Total  enrichment  33.4% 

Mainly  enrichment  21.5 

Enrichment  &  Remediation  27 .8 

Mainly  Remediation  14.5 
Remediation  2.8 
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Table  2 

Overall  Summarv  of  Technology  Use  by  Location 

Urban 

diiDiiriNiii 

Rural 

Access  to  Calculators 

48.9 

Yes 

48.6% 

50.0 

No 

51.4 

50.0 

51.1 

How  often  calculators  are  used 

Several  times  a  week 

21.3% 

01  Q 

Once  a  week 

23.6 

IZJ 

lO.  J 

Hardly  ever 

55.1 

45.5 

Percentage  of  students  using  conciputers 

65.5 

Less  than  10% 

48.0 

47.3 

10%  to  25% 

1  J.J 

1  J.U 

17.0 

26%  to  50% 

o  o 
O.O 

'\  4 

^  -1  erf    *      It  nt 

51%  to  75% 

Z.J 

9  7 

3.1 

76%  to  90% 

0.4 

L.I 

0  R 

v/.o 

Greater  than  91% 

24.y 

10  9 

How  computers  are  used  for  instruction 

37.5 

Total  enrichment 

27.3% 

34.6 

Mainly  enrichment 

22.3 

21.2 

21.3 

Enrichment  &  Remediation 

25.9 

27.9 

29.5 

Mainly  Remediation 

22.6 

13.7 

7.7 

Remediation 

2.0 

2.7 

4.0 

Students  were  more  likely  to  use  computers  for 
remediation  than  suburban  dnd  rural  teachers. 

Another  imp(Mtant  finding  from  this  study  relates  to 
the  descriptive  results  that  summarize  students'  overall 
access  to  calculators  and  ccnnputers.  The  results  from  the 
present  study  suggest  that  overall  these  eighth  grade 
students  do  not  great  access  to  either  calculators  or 
computers  in  mathematics  classes.  Thus,  the  findings 
from  this  study  are  in  opposition  to  some  educators  who 
argue  that  access  and  use  of  technology  is  not  one  of  our 
most  aitical  educational  problems. 

Although  the  findings  in  the  present  sUidy  suggest 
several  differences  in  the  extent  students  have  access  and 
use  technology,  further  observational  research  is  needed 
to  verify  these  results.  Other  research  questions  that  still 
need  to  be  investigated  in  this  area  include  examining  (a) 
the  ideal  or  optimum  levels  of  technology  access  and  use 
that  should  exist  in  eighth  grade  mathematics  classrooms, 
(b)  whether  there  are  other  contexUial  variables  like  type 
of  school  (e.g.,  public  or  private)  or  state  policies  that 
influence  access  and  use  of  technology,  (c)  if  family 
characteristics  such  as  socioeconomic  status  influence  the 
access  and  use  of  technology,  and  (d)  what  other  variables 
or  factors  differentiate  high-  and  low  access  and  use  of 


technology.  Future  studies  should  also  attempt  to  examine 
specific  geographic  locations  or  settings,  especially  urban 
settings  where  many  more  students  are  at  risk  of  dropping 
out  and  not  furthering  their  education. 

References 

Mathematics  Sciences  Education  Board  (1990).  Reshaping 
school  mathematics:  A  philosophy  and  framework  for 
curriculum.  Washington,  DC:  National  Academy  Press. 

National  Council  of  Teachers  of  Mathematics.  (1989).  Curricu- 
lum and  evaluation  standards  for  school  mathematics. 
Reston,  VA:  Author. 

National  Research  Council.  (1989).  Everybody  counts:  A  report 
to  the  nation  on  the  future  of  mathematics  education. 
Washington,  DC:  National  Academy  Press. 

Willoughby,  S.  S.  (1990).  Mathematics  education  for  a 

changing  world.  Alexandiia,  VA:  Association  for  Supervi- 
sion and  Curriculum  Development. 

Emiel  W.  Owens 
Assistant  Professor 
Prarie  View  A  &  M  University 
Prarie  View,  TX 
(409)  857-4021 


530  Technology  and  Teacher  Educcrtion  Annual  —  1993 

^  '""  543 


Instruction  with 
technology:  Differences 
between  experienced  and 
novice  teachers 

Janice  Mitchell 
University  of  Houston 

Susan  E.  Williams 
University  of  Houston 

Hersholt  C.  Waxmon 
University  of  Houston 

Shwu-Yong  L.  Huong 
University  of  Houston 


Researchers  have  found  that  experienced  and 
novice  teachers  often  plan  and  behave  differently. 
Of  more  importance,  it  is  hypothesized  that  these 
differences  can  be  identified  and  used  to  improve  the 
teaching  of  novices.  Although  there  are  numerous  studies 
on  expert  teachers,  few  have  investigated  the  instructional 
differences  between  veteran  and  novice  teachm  when 
technology  (i.e.,  calculators)  is  present. 

Studies  of  effective  teaching  have  identified  several 
factors  which  differentiate  expert  teach^  from  novice 
teachers.  Leinhardt  and  Greeno  (1986),  for  example, 
identified  planning  as  a  major  area  of  difference.  They 
found  that  expats  do  not  fonn  detailed  plans;  in  fact, 
planning  and  adjustments  are  carried  over  into  the  actual 
lesson.  Clark  and  Lampert  (1988)  noted  that  details  such 
as  timing,  pacing,  and  exact  number  of  examples  and 
problems  are  not  included  in  the  plans  of  experts.  Hiese 
aspects  are  decided  upon  as  a  reaction  to  student  perfor- 
mance. Novices  often  rely  on  their  detailed  plans  and 
become  flustered  when  responses  to  needs  and  questions 
of  students  disrupt  this  planned  sequence  (Livingston  & 
Borico,  1989).  Experts,  in  contrast,  are  able  to  keep 
direction  in  the  lesson,  diverge  during  teachable  moments, 
and  return  to  their  objectives  (Institute  for  Research  on 
Teaching,  1986). 

Carter  (1988)  suggested  several  ways  in  which  content 
knowledge  problems  along  with  pedagogical  problems 
identify  differences  between  novice  and  expert  behavior. 
Teachers  who  are  weak  in  content  knowledge  often  fail  to 
emphasize  the  processes  and  interpretation,  and  thus  focus 
mainly  on  the  correct  answer  or  recall  of  facts  (Clarridge, 
1990).  Effective  teachers  determine  student  prior  knowl- 
edge, assess  understanding,  and  identify  misconceptions 
or  "bugs"  (Feiman-Nemser  &  Buchmann,  1989). 

Other  effective  teaching  strategies  include  focusing 
attention,  guiding,  questioning,  and  managing.  Experi- 
enced teachers  use  activities  to  draw  students  into  overt 
involvement;  novices  often  encourage  passive  learning  by 
discouraging  questions  and  avoiding  divergence  from  the 
planned  lesson  (Leinhardt  &  Greeno,  1986).  Leinhardt 
and  Greeno  also  found  that  experts  monitor  at  least  two 
practice  problems  before  independent  work  is  assigned; 
novices  often  move  straight  from  presentation  to  indepen- 
dent practice.  They  also  found  that  novices  are  more 
sensitive  to  student  behaviors  that  interrupt  their  presenta- 
tions than  to  cues  and  questions  from  students.  Clarridge 
(1990)  recognized  that  expert  teachers  anticipate  prob- 
lems and  keep  students  on  task  through  activities  and 
monitoring. 

The  purpose  of  the  present  study  is  to  investigate  the 
following:  (a)  differences  between  experienced  and 
novice  teachers  in  the  ways  in  which  they  instruct  and 
interact  with  students  particularly  when  techiK)logy  (i.e., 
calculators)  is  used,  (b)  differences  observed  in  student 
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activities  in  classrooms  of  experienced  and  novice 
teachers  when  calculators  are  i^-esent,  and  (c)  differences 
between  the  amount  of  student  calculator  use  in  experi- 
enced and  novice  leacbers'  classrooms. 

Methods 

Two  groups  of  middle  school  mathematics  teachers 
who  differed  in  experience  and  expertise  participated  in 
the  present  study.  Thes^  teachers  and  their  students  are 
part  of  a  nationally  funded  project  involving  the  develop- 
ment of  calculator  mathematics  curriculum  and  the 
unplementation  of  calculators  in  a  large,  urban/suburban 
school  district  located  in  a  major  metropolitan  city  in  the 
south  central  region  c  '  the  United  States.  Each  middle 
school  mathematics  teacher  in  the  district  received  a 
minunum  of  12  hours  of  inservice  training  on  the  use  of 
calculators,  and  each  of  their  students  was  issued  a 
c^culator.  Sixty  middle  school  teachers  were  involved  in 
the  iM*oject. 

Schools  within  this  disuict  have  been  identified  as 
National  Exemplary  Schools  and  have  been  recognized 
for  their  many  innovative  programs.  Teachers  within  the 
district  are  encouraged  and  provided  with  support  for 
continued  training  and  education.  For  the  most  part,  the 
teachers  appear  to  believe  that  their  administration 
supports  their  efforts  in  the  classroom.  As  a  result,  diere 
are  many  teachers  who  have  elected  to  remain  in  the 
disuict  for  most  of  their  teaching  careers.  In  1991 , 
approximately  40%  of  the  distiict  teachers  had  taught  0  to 
5  years,  20%  had  taught  6  to  10  years,  and  40%  had 
taught  for  10  w  more  years. 

A  group  of  experienced  teachers  and  a  group  of  novice 
teachers  were  identified  in  the  present  study  by  a  panel  of 
four  experienced  niathematics  educators:  (a)  the  district 
mathematics  coordinator,  (Jb)  the  principal  investigator  of 
the  project  (a  former  mathematics  supervisor  for  the 
district),  (c)  the  project  director  who  had  worked  with  the 
teachers  and  conducted  classroom  observations  in  their 
classrooms  the  prior  year,  and  (d)  a  state-certified 
assessor  who  had  done  extensive  classroom  observations 
within  the  district  middle  schools.  Factors  included  in  the 
experience  and  expertise  criteria  were:  (a)  number  of 
years  teaching  experience,  (b)  highest  degree  held,  (c) 
su-ength  of  mathematics  and/or  mathematics  education 
background,  (d)  involvement  in  professional  develop- 
ment, (e)  participation  in  the  curriculum  development 
project,  and  (0  classroom  teaching  expertise.  It  should  be 
noted  that  a  broader  definition  of  "expert  teacher"  has 
been  ai^lied  in  the  selection  process  and  thus  explains 
why  the  term  ^'experienced  teacher"  has  been  utilized  for 
this  study. 

Twenty-eight  teachers  (14  experienced  and  14  novice) 
were  selected.  The  novice  teachers  were  selected  from  the 
40%  who  had  taught  between  0  and  5  years.  The  experi- 


enced teachers  were  selected  from  the  approximately  i2% 
who  had  taught  10  years  or  more;  their  experience  rriiged 
from  10  to  22  years.  Eight  members  of  the  experienced 
group  held  elementary  certification  with  specializations  in 
mathematics;  the  other  six  were  secondary  certified  and 
had  majors  in  mathematics.  Twelve  of  the  members  of  the 
experienced  group  had  masters  degrees;  the  other  two  are 
nearing  completion  of  their  masters  programs.  Eight  of 
the  novices  were  elementary  certified  but  had  not  special- 
ized in  mathematics;  the  other  six  were  secondary 
certified  but  had  lunited  mathematics  background.  The 
highest  degree  earned  by  the  members  of  the  novice 
group  was  a  bachelors  degree. 

The  data  collected  for  this  study  was  obtained  during 
the  second  year  of  the  project  Each  teacher  was  observed 
six  times  during  the  school  year  by  trained  classroom 
observers.  Teachers  had  no  indication  as  to  when  they 
would  be  observed.  Two  observations  for  each  teacher 
wen  completed  in  October  and  November,  two  in 
January  and  February,  and  two  in  April  and  May.  There 
were  a  total  of  84  45-minute  observations  of  novice 
teachers,  and  84  45 -minute  observations  of  experienced 
teachers.  Two  instruments  were  used  for  the  observations: 
(a)  the  ObservaUon  Rating  Scale  for  Features  of  Adaptive 
Instruction  (ORSFAI)  (Waxman,  Wang,  LindvaU,  & 
Anderson,  1983),  and  (b)  the  Observation  RaUng  Scale 
for  Calculator  Implementation  (ORSCI)  (Williams, 
Waxman,  &  Copley,  1991). 

The  ORSFAI  is  a  high-inference  instrument  which 
assesses  eight  major  scales:  Instructional  Materials, 
Instructional  Activities,  Classroom  Management,  Set 
Induction,  Content  Focus,  Teacher  Questioning,  Emphasis 
on  Higher-Level  Thinking,  and  Classroom  Environment. 
The  eight  scales  consist  of  43  indicators,  approximately 
five  indicators  for  each  scale.  The  Classroom  Manage- 
ment indicators,  for  example,  include:  (a)  efficient  class 
organization,  (b)  effective  time  management,  (c)  clear 
cCHnmunication  of  activity  procedure,  (d)  student  aware- 
ness of  classroom  procedures  and  rules,  (e)  few  interrup- 
tions due  to  behavior  problems,  and  (f)  student  attention 
immediately  refocused  on  activity  when  interruptions  do 
occur.  The  ORSFAI  has  been  found  to  be  reliable  and 
valid  for  use  in  classroom  observations  of  teacher  and 
student  behaviors  (Waxman,  1984).  The  interrater 
reliability  for  the  insUument  was  found  to  be  0.90  in  the 
present  study. 

The  ORSCI  is  a  high-inference  instrument  which  (a) 
assesses  the  quality  of  the  calculator  instruction  (Scale  A), 
(b)  measures  the  amount  of  calculator  use  in  each 
classroom  (Scale  B),  and  (c)  identifies  the  kinds  of 
activities  in  which  students  are  involved  when  they  use 
calculators  (Scale  C).  Scale  B  was  not  included  in  some 
of  the  analyses  because  it  assesses  only  percentage  of 
students  who  have  calculators  at  their  desks  or  table  and 
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the  amount  of  time  students  (who  have  calculators)  use 
them.  Seventeen  indicators  measure  the  quantity  and 
quality  of  calculator  instruction  and  use.  The  interrater 
reliability  for  the  instrument  was  found  to  be  .94. 

Observation  data  were  analyzed  at  the  teacher  level 
for  possible  differences  between  the  independent  variable 
(i.e,,  two  groups).  The  dependent  variables  included  eight 
scales  from  the  ORSFAI  instrument  and  two  scales  from 
the  ORSCI  instrument.  The  ten  scales  analyzed  for  this 
study  were:  (a)  measures  of  teacher  use  of  instructional 
materials,  (b)  teacher's  instructional  activities,  (c) 
classro(Mn  management,  (d)  set  induction,  (e)  content 
focus  above  the  skill/knowledge  level,  (f)  teacher  ques- 
tioning, (g)  emphasis  on  higher-level  thinking  in  the 
classroom,  (h)  classroom  environment,  (i)  teacher 
implementation  of  calculators,  and  (j)  student  activities 
involving  calculators.  For  each  of  the  43  classroom 
instruction  and  environment  indicators  and  17  calculator 
indicators,  mean  scores  for  each  teacher  were  computed. 
From  those  scores,  mean  scores  for  experienced  and 
novice  groups  were  computed  for  each  scale.  T-tests  were 
used  to  compare  the  two  groups  of  teachers. 


Results 

Table  1  reports  the  mean  percents,  standard  devia- 
tions, and  t- values  for  the  comparison  between  novice  and 
experienced  groups  of  teachers*  behaviors  on  the  ten 
scales.  The  experienced  teachers  scored  higher  than  the 
novices  on  each  scale.  Significant  differences  were  found 
for  four  of  the  eight  general  classroom  instruction  scales: 
use  of  appropriate  instructional  materials,  set  induction, 
content  focus  above  skill/knowledge  and  application 
level,  and  classroom  environment.  Two  additional  scales 
approached  significance:  questioning  strategies  (p  <  0.06) 
and  emphasis  on  higher  order  thinking  (p  <  0.07). 
Significant  differences  were  not  found  for  either  of  the 
two  scales  which  focused  on  calculator  instmction  and 
use.  Differences  between  the  groups  on  teacher  mstruc- 
tion  with  calculators  did  approach  significance  at  the 
0.051  level. 

The  large  standard  deviations  within  groups  for 
several  of  the  scales  listed  below  should  be  noted.  Those 
scales  which  elicited  a  wide  range  of  observations  within 
each  of  the  two  groups  are  as  follows:  (a)  Classroom 
Management  (novices),  (b)  Set  Induction  (both  groups), 
(c)  Questioning  (experienced  teachers),  (d)  Emphasis  on 


Table  1 

Comparison  of  novice  and  experienced  groups  of  middle  school  mathematics  teachers'  classroom 
instruction 


Scale 

Novice  Teachers 

n=14 
M  SD 

Experienced  Teachers 
n=14 
M  SD 

t 

Instructional  Materials 

25.6 

8.1 

35.4 

9.7 

2.92* 

Instructional  Activities 

47.1 

7.7 

50.6 

6.4 

1.32 

Classroom  Management 

57.9 

10.2 

63.2 

6.4 

1.63 

Set  Induction 

40.8 

12.0 

51.9 

13.2 

2.32* 

Content  Focus  Above  Skill/Knowledge  Level 

2.2 

2.3 

6.0 

5.1 

2.53* 

Questioning 

21.9 

6.9 

29.2 

12.3 

1.94 

Emphasis  on  Higher  Order  Thinking 

15.8 

5.9 

22.1 

10.9 

1.90 

Classroom  Environment 

53.5 

15.9 

66.9 

11.8 

2.53* 

Teacher  Instruction  with  Technology 

12.9 

5.4 

17.0 

5.1 

2.05 

Student  Activities  with  Technology 

10.3 

4.5 

13.1 

4.2 

1.69 

*  p  <  0.05 
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Higher-Order  Thinking  (experienced  teachers),  and  (e) 
Classioom  Environment  (both  groups), 

Discussion 

The  experienced  teachers  in  this  study  were  found  to 
use  instructional  materials  more  appropriately  than  novice 
teachers.  They  were  observed  using  more  diversified 
materials  often  beyond  what  the  textbook  offered,  to 
cover  the  subject  matter  in  greater  depth,  and  to  provide 
examples  based  on  real-life  situations  significantly  more 
often  than  the  novice  teachers.  Experienced  teachers  also 
were  observed  focusing  students'  attention  on  the 
objectives  of  the  lesson,  aeating  an  organizational 
framework  for  the  lesson,  stimulatmg  students'  interest 
and  involvement,  and  relating  experiences  of  students  to 
the  objectives  significantly  more  than  novice  teachers. 
Veteran  teachers  similarly  were  found  to  provide  more 
experiences  which  involved  student  analysis,  synthesis, 
evaluation,  and  problem  solving  (using  both  inductive  and 
deductive  approaches)  than  did  novice  teachers.  Fmally, 
students  of  experienced  teachers  were  observed  havuig 
more  positive  attitudes  toward  learning  and  being  more 
motivated  and  interested  in  class  activities. 

Four  of  the  eight  instructional  scales  were  found  not  to 
be  significantly  different  between  the  two  groups.  The 
Teacher  Instruction  Activities  Scale  showed  overall  that 
novice  and  experienced  teachers  were  not  particularly 
different  in  the  manner  in  which  they  selected,  adjusted, 
and  organized  instructional  information,  nor  in  the  way 
they  provided  guided  and/or  independent  practice  for 
students.  Another  area  in  which  no  significant  differences 
between  groups  were  found  was  in  classroom  manage- 
ment The  Classroom  Management  Scale  examined 
teacher  organization  of  classroom  time,  communication  of 
classroom  procedures  and  rules,  and  structuring  and 
monitoring  of  student  time-on-task.  The  large  standard 
deviation  for  the  novice  group  on  this  scale  indicates  great 
variance  among  its  members  on  some  of  the  indicators. 
This  variance  indicates  large  differences  in  classroom 
management  techniques  among  the  novices  which  could 
have  skewed  the  mean  score  for  that  group  thus  possibly 
nullifying  differences  between  the  two  groups. 

The  other  two  instructional  scales  which  revealed  no 
significant  differences  between  the  two  groups  were 
Teacher  Questioning  and  Emphasis  on  Higher-Level 
Thinking.  Large  standard  deviations  for  the  experienced 
teacher  group  were  found  on  these  two  scales.  The  large 
variances  indicate  extreme  differences  in  both  the  use  of 
questioning  and  emphasis  on  higher  order  thinking  among 
the  veteran  teachers. 

The  results  of  this  study  indicate  that  although  there 
are  several  significant  differences  between  experienced 
and  novice  teachers,  differences  were  not  found  in  the  two 
scales  which  specifically  dealt  with  technology.  The 


Teacher  Instrucdon  with  Technology  Scale  included 
instructional  indicators  for  teacher  emphasis  on  estimation 
and  reasonableness  of  answer,  the  time-saving  feature  of 
calculators,  use  of  calculators  as  problem-solving  tools, 
and  relationship  between  calculator  and  paper-and-pencil 
algorithms.  In  addidon,  the  scale  idenUfies  teacher  and 
student  initiation  and/or  demonstration  of  calculaior  use. 
Student  use  of  calculators  for  computating,  explorating,  , 
solving  routine  and  non-routine  word  problems,  verifymg 
answers,  and  playing  games  that  develop  or  review 
mathematical  concepts  are  the  indicators  for  the  Types  of 
Cal(  dlators  Activities  ^cale. 

On  average,  teacher  instruction  with  technology  was 
low  (17%  of  the  time  for  experienced  teacheri,  13%  of 
die  time  for  novice  teachers),  as  were  student  activities 
which  involved  technology  (13%  of  the  time  in  class- 
rooms of  experienced  teachers.  10%  of  die  time  in 
classrooms  of  novices).  This  suggests  that  although  a 
teacher  may  be  experienced  in  many  other  areas,  this 
expertise  may  not  necessarily  apply  to  die  implementation 
of  calculators. 

In  addition,  the  indicators  used  for  the  two  calculator 
scales  do  not  address  quality  of  insuncticn  and  use. 
Additional  indicators  need  to  be  developed  which  would 
form  a  mcH-e  complete  picture  of  actual  classroom 
implementation.  A  richer  description  of  the  differences 
between  these  two  groups  might  also  be  obtained  usmg 
in-depth  edinographic  methods.  Qualitative  information 
obtained  from  such  a  study  combined  with  die  quantita- 
tive results  reported  in  tiiis  study  would  broaden  under- 
standing of  calculator  implementation  in  schools. 
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introduction 

It  has  been  evident  for  some  time  that  our  educational 
system  lags  far  behind  other  areas  of  our  society  in 
exploiting  the  power  of  technology  (Bracey,  1990; 
Perelman,  1989).  A  major  stumbling  block  to  integrating 
technology  into  educational  methods  has  been  the 
availability  and  quality  of  training  for  teachers.  TTiere  are 
indications  that  this  lack  of  attention  to  technology  begins 
in  preservice  programs  where  skills  in  using  technology  in 
teaching  are  often  neither  part  of  the  college  curriculum 
nor  demonstrated  by  the  teacher  education  faculty 
themselves.  As  a  result,  teachers  "teach  as  they  were 
taught,**  and  many  schools  continue  to  emphasize  the 
same  instructional  strategy  (lecture)  and  technique 
(chalkboard)  as  schools  of  the  1920s. 

The  Office  of  Technology  Assessment  recently 
published  a  report  that  investigated  several  aspects  of 
technology  integration  in  education  (U.  S.  Congress, 
1988).  The  study  revealed  that  only  18  states  (36%) 
required  a  ccMnputer-related  course  in  the  teacher  educa- 
tion program.  Seven  states  (including  Florida)  recom- 
mended that  a  technology  course  be  provided  for  educa- 
tion majors,  and  the  remaining  2S  states  had  no  state 
requirement  or  recommendation.  Another  survey  showed 
that  only  eight  states  included  a  requirement  for  computer 
literacy  for  initial  teacher  certification  (Singletary,  1987). 
While  the  majority  of  teacher  education  iM'ograms  have 
apparently  not  required  technology  courses,  there  are 
indications  that  most  are  attempting  to  address  technology 
skills,  albeit  with  varying  success  (Carr,  Novak,  & 
Berger,  1992;  Mathison,  1986;  Fratinni,  Decker,  & 
Korver-Baum,  1989).  The  current  study  was  conducted  to 
add  to  the  information  base  on  what  skills  are  being 
taught  and  the  problems  faculty  encounter  in  teaching 
them. 

Methods 

The  study  was  desigikfuJ  to  gather  information  on  how 
Colleges  of  Education  in  Fiorida  are  addressing  the  task 
of  teaching  technology  skills  to  future  teachers  and  to 
examine  issues  impacting  further  integration  at  these  sites. 
Using  a  prepared  survey  instrument,  the  authors  inter- 
viewed key  personnel  on  site  at  each  of  the  nine  Horida 
public  university  Colleges  of  Education,  Follow-up 
infcmnation  was  gathered  by  telephone.  Both  faculty  who 
teach  technology  courses  and  those  who  teach  concent/ 
methods  courses  were  interviewed.  Each  of  the  following 
questions  was  addressed  in  a  separate  part  of  the  question- 
naire and  was  answered  by  tenured  or  tenure-earning 
faculty  members: 

1 .  How  much  are  technology-based  skills  being  ad- 
dressed in  each  content  area? 

2.  Do  students  and  faculty  currently  perceive  they  have 
adequate  access  to  necessary  technology  resources? 


ERLC 


536  Tectmology  and  T«och«r  Education  Annual  —  1 993 

54.9 


3.  What  do  faculty  members  perceive  to  be  the  greatest 
obstacles  to  their  use  of  technology  in  teaching  teacher 
education  courses? 

Part  I:  Technotogy-bosed  Skills  In  Major  Content 
Areas 

At  each  of  the  nme  universities,  faculty  who  are 
currently  teaching  content/methods  courses  were  inter- 
viewed in  their  respective  areas  of  expertise.  For  each 
content  area,  a  series  of  skills  utilizing  technology 
specific  to  the  content  was  listed.  The  respondents  were 
asked  to  indicate  whether  or  not  they  felt  the  skills  are 
necessary  for  teachers,  whether  or  not  they  are  taught  and, 
if  so,  in  which  course  they  are  taught.  Each  content  area 
was  sampled  by  asking  only  one  faculty  member  to 
respond  for  each  university,  regardless  of  the  size  of  the 
program  or  the  number  of  faculty  teaching  in  the  content 
area. 

Part  II:  Technology  Resources 

The  issue  of  technology  resources  was  analyzed  from 
both  student  and  faculty  perspectives.  A  technology 
"expert**  at  each  university  was  asked  to  complete  this 
section  of  the  questionnaire  and  to  provide  information  on 
the  availabOity  and  usage  of  resources.  In  the  student 
area,  a  13-item  survey  was  used  to  gather  information  on 
student  access  to  hardware  and  software  (e.  g..  CD-ROM, 
videodiscs,  modems,  and  printers).  The  faculty  resource 
portion  of  the  survey  gathered  information  on  the  avail- 
ability and  usage  of  technology  for  teaching  and  research, 
ihis  20-item  part  of  survey  was  designed  to  provide  a 
framework  of  faculty  access  to  hardware,  software,  and 
other  resources. 


Part  III:  Problems  and  Issues 

In  this  section,  all  of  the  faculty  members  previously 
interviewed  (including  the  various  content  areas  and 
technology  experts)  were  asked  to  rate  the  factors 
impacting  the  integration  of  technology  in  their  College  of 
Education.  A  5-item  Likert  scale  was  used  to  measure 
their  responses,  with  alternatives  ranging  from  Very 
Serious  Problem  (1)  to  Very  Satisfactory  Situation  (5). 
Respondents  were  also  asked  for  additional  comments  on 
factors  impeding  use  of  technology  and  solutions  to 
address  these  problems. 

Results 

Answers  to  the  survey  questions  varied  considerably 
across  programs  at  the  nine  public  universities  surveyed. 
It  was  also  determined  that  the  situation  with  regard  to 
how  technology  needs  are  addressed  in  the  programs  is  in 
a  state  of  flux.  The  initial  fmding  was  that  only  four  of  the 
nine  programs  require  a  technology  skills  course,  and  two 
others  have  no  such  course  even  as  an  elective.  However, 
some  programs  that  have  had  no  such  course  are  planning 
to  add  one,  while  others  have  recently  eliminated  theu* 
course.  In  addition,  some  programs  anticipate  the  arrival 
of  new  technology  resources  within  the  next  two  years 
while  others  predict  having  to  make  do  with  current 
resources  for  some  time  to  come.  It  was  also  found  that 
the  extent  to  which  technology  skills  were  addressed  in 
specific  content  areas  was  related  to  the  varying  interests 
and  skills  of  specific  faculty  members.  Even  within  the 
same  program,  two  different  faculty  members  teaching 
the  same  course  may  or  may  not  address  the  same 
technology-related  skills  or  may  address  them  to  a 
different  extent  (e.  g,  discussion  vs.  hands-on  use).  Since 
the  situations  with  regard  to  technology  integration  could 


Table  1 

Technology  Application  Skills  Addressed  In  Programs 

Mean 

Mean 

Range 

% 

% 

(Across 

Area  Name  and  Number 

ofSkiUs 

ofSkiUs 

all 

of  Skills  in  Area 

Taught 

Not  Taught 

Programs) 

General  use  skills  (11) 

65.4 

30.1 

23.5—94.1% 

Science  (7) 

55.6 

44.4 

14.3—85.7% 

Mathematics  (6) 

63.0 

31.5 

16.7—83.3% 

English  (4) 

22.2 

69.4 

0—75% 

Social  sciences  (5) 

48.9 

51.1 

0—100% 

Elementary  education  (7) 

39.7 

54.0 

Note.  Skills  taught  and  not  taught  may  not  total  to  100%  because  skills  that  were  not  taught  because  they  were  consid- 
ered unimportant  in  the  program  were  not  included. 
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change  rapidly,  faculty  were  asked  to  report  data  to  reflect 
the  cunenl  status  of  programs.  Data  should  be  viewed  as  a 
"snap-shof  •  of  preservice  programs  at  the  time  of  the 
survey.  Results  on  each  of  the  three  sj^cific  issues  of 
interest  are  reputed  below. 

Issue  1:  Technology  Skills  Taught  in  Education 
Methods  Courses 

Findings  on  technology  skills  addressed  in  six  major 
areas  are  shown  in  Table  1.  As  the  ranges  for  each  area 
indicate,  results  varied  substantially  across  programs.  For 
example,  in  social  sciences  education  courses,  some 
programis  were  teaching  none  of  the  technology-related 
skills  identified  as  important  and  others  were  teaching  all 
of  them.  While  programs  overall  seemed  to  be  addressing 
about  71%  of  general-purpose  technology  skills  and  63% 
of  mathematics  skiUs,  the  majority  of  technology-related 
skills  that  faculty  perceived  as  important  for  English, 
social  sciences,  and  elementary  education  curricula  were 
not  being  addressed. 

Issue  2:  Access  to  Technology  Resources 

In  general,  the  majority  of  respondents  expressed 
dissatisfaction  with  the  amount  of  technology  resources 
available  to  them  for  use  in  preservice  courses.  As  Tables 
2  and  3  indicate,  they  felt  they  could  use  more  resources 
for  both  students  and  faculty.  Overall,  only  23.1%  of  all 
student  resources  and  17.8%  of  faculty  resources  over 


programs  were  considered  adequate.  For  student  use,  the 
most-needed  item  seemed  to  be  open  access  computers 
and  other  equipment  such  as  modems,  scanners,  and 
videodisc  players.  However,  all  items  with  the  exception 
of  CD-ROM  worksutions  in  the  Ubrary  were  rated  as 
critical  needs.  Faculty  rf^eOs  seemed  uniformly  great  for 
all  resources. 

When  respondents  reported  that  a  given  resource  was 
inadequate,  they  were  also  asked  whether  or  not  they  had 
any  of  die  resource  at  all.  When  viewed  from  this  per- 
spective, student  access  to  software  and  faculty  access  to 
videodiscs,  technology-delivered  courses,  and  to  instruc- 
tional design  assistance  (e.  g.,  on  how  to  integrate 
technology  into  theu*  courses)  seemed  to  be  areas  of 
critical  shortage.  The  general  finding  of  dissatisfaction 
with  resources  also  seemed  confirmed  by  data  reported  in 
the  section  below  on  obstacles  to  technology  integration. 

Issue  3:  Faculty  Perceptions  of  Obstacles  to  the 
Integration  of  Tecnnology 

When  faculty  were  asked  about  fiactcxs  thalinhibit  their 
addressing  andusing  technology-related  skills,  they  indicated 
overall  that  the  greatest  problems  were  time  to  prepare  for 
inoMpoiating  new  content  into  their  courses  aixl  availaMity  o[ 
equipment  for  use  by  s  tudents .  Responses  to  die  item  on 
lecognitionby  faculty  that  they  should  be  using  technok)gy 
indkaled  that  this  is  generaUynotasignificantiwoblem 


Table  2 

Student  Access  to  Technology  Resources 


Programs  with 

None  of 
Named  Resource 


Programs  wiUi 
Inadequate  Amount 
of  Resource 


Programs  witii 
Adequate  Amount 
of  Resource 


Number 

% 

Number 

% 

Number 

% 

1 

11.1% 

8 

100.0% 

0 

0.0% 

0 

0.0% 

7 

77.8% 

2 

22.2% 

1 

11.1% 

6 

77.8% 

2 

22.2% 

1 

11.1% 

3 

UA% 

5 

55.6% 

3 

33.3% 

5 

88.9% 

1 

11.1% 

3 

33.3% 

5 

88.9% 

1 

11.1% 

4 

44.4% 

4 

88.8% 

1 

11.1% 

0 

0.0% 

8 

88.9% 

1 

11.1% 

2 

22.2% 

4 

66.6% 

3 

33.3% 

5 

55.6% 

3 

88.9% 

1 

11.1% 

3 

33.3% 

3 

66.6% 

3 

33.3% 

4 

44.4% 

2 

66.6% 

3 

33.3% 

0 

0.0% 

5 

55.6% 

4 

44.4% 

23.1% 

76.9% 

23.1% 

1.  open  access  computers 

2.  Lab  assistant 

3.  CD-ROM  workstations:  COE 

4.  CD-ROM  workstaUons:  library 

5.  Modems 

6.  'Scanners 

7.  leaser  printers 

8.  Videodisc  players 

9.  Software  preview  library 

10.  Titles  for  checkoin 

11.  Access:  University  mainl^tame 

12.  Printing:  Mainframe 

13.  Consumables 

Average  %  over  all  rcouk  tes 
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Table  3 

Faculty  Access  to  Technolcgy  Resources 


Programs  with  Programs  with  Programs  with 

None  of  Inadequate  Amount  Adequate  Amount 

Named  Resource  of  Resource  of  Resource 


Number 

% 

Number 

%            Number  % 

1.  Classrooms  w/computer  setup 

2 

22.2% 

4 

66.6% 

3  33.3% 

2.  Classrooms  w/projection  unit 

2 

22.2% 

6 

88.9% 

1  11.1% 

3.  Computers  on  carts 

1 

11.1% 

6 

77.8% 

2  22.2% 

4.  Computer  for  each  fac.  member 

1 

11.1% 

6 

77.8% 

2  22.2% 

5.  LCD  projection  units 

0 

0.0% 

6 

66.7% 

2  33.3% 

6.  Video  projection  units 

1 

11.1% 

5 

66.7% 

3  33.3% 

7.  Videodisc  players  available 

1 

11.1% 

5 

66.7% 

3  33.3% 

8.  CD-ROM  players:  Research 

1 

11.1% 

7 

88.9% 

1  11.1% 

9.  Scanners:  Faculty  development 

3 

33.3% 

6 

100.0% 

0  0.0% 

lu,  support  staff 

4 

44.4% 

3 

77.7% 

2  22.2% 

1 1 .  Courses  delivered  by  computer 

5 

55.6% 

3 

88.9% 

1  11.1% 

12.  Courses:  Distance  ed. 

6 

66.7% 

2 

88.9% 

1  11.1% 

13. Faculty-made  videodiscs 

5 

55.6% 

3 

88.9% 

1  11.1% 

14,  Faculty-made  CAI/multimedii* 

4 

44.4% 

4 

88.9% 

1  11.1% 

15. Tech.  workshops  for  faculty 

2 

22.2% 

6 

88.9% 

1  11.1% 

16.Staff-maintain  comp.  resources 

1 

11.1% 

6 

77.8% 

2  22.2% 

17. Staff-Provide  faculty  inservice 

3 

33.3% 

4 

77.8% 

2  22.2% 

18. Staff-ID  support 

5 

55.6% 

4 

100.0% 

0  0.0% 

19.E-mail  accounts 

2 

22.2% 

5 

77.8% 

2  22.2% 

20.  DIALOG  accounts 

5 

55.6% 

3 

88.9% 

1  11.1% 

Average  %  over  all  resources 

30.0% 

82.2% 

17.8% 

Table  4 

Faculty  Perceptions  of  Problems  and  Issues  Related  to  Integrating  Technology  Into  Teacher 

Education 

(N=57) 

Unsatisfactory 

Satisfactory 

# 

% 

# 

% 

1.  Availability  of  equipment  for  student  use 

35 

63.6 

18 

32.7 

2.  Availability  of  equipment  for  faculty  use 

27 

49.9 

22 

40.0 

3.  Availability  of  materials  ioc  student  use 

30 

57.7 

17 

32.7 

4.  Availability  of  materials  for  faculty  use 

29 

53.7 

22 

38.5 

5.  Availability  of  qualified  faculty  to  teach 

25 

45.5 

24 

43.6 

6.  Availability  of  lab/support  personnel 

26 

47.3 

23 

41.8 

7.  Availability  of  training  for  faculty 

26 

49.1 

21 

39.6 

8.  Motivation  among  faculty  to  use  technology 

24 

44.4 

21 

38.9 

9.  Time  to  incorporate  new  skills  and  resources 

40 

74.1 

8 

14.8 

10.  Recognition  by  faculty  that  technology  is 

a  necessary  area  to  include 

20 

37.0 

26 

48.2 

Note.  Ratings  and  N's  may  not  total  to  100%  because  some  respondents  did  not  answer  items  or  were  uncertain  of 
answers. 
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qualified ficdty  and  staff  weiie  alsoperceived 
buteventijesefuKiings  variedconsideiaW 
prograoi. 

Discussion  and  Recommenckaiions 

In  the  view  of  faculty  who  participated  in  the  survey, 
the  lack  of  attention  to  technology-related  skills  was 
related  to  problems  with  available  resources  and  time  to 
integrate  them  into  curricula.  Most  faculty  seemed  to  be 
aware  that  they  should  be  addressing  technology  in  their 
teacher  preparation  courses  but  felt  unable  to  do  so 
because  available  time  and  resources  made  it  unrealistic. 

Equipment  needs 

Nearly  all  of  the  personnel  who  were  using  technology 
heavily  emphasized  that  their  equipment  and  software 
were  often  out-of-date  and/or  in  need  of  repair.  None  of 
the  programs  seemed  to  have  a  dependable  technology 
budget  Many  of  the  hardware  and  software  resources 
used  in  the  programs  were  obtained  by  individual  faculty 
members  from  grant  funds. 

Preparation  time 

Although  most  faculty  members  were  making  at- 
tempts to  address  technology  skills  pertinent  to  their 
content  area,  they  indicated  they  were  frustrated  by  the 
lack  of  tune  available  for  the  formidable  task  of  imple- 
menting technology  into  their  courses.  Since  few  of  the 
programs  had  staff  assigned  to  assist  them  in  this  task, 
most  faculty  member  were  responsible  for  keeping 
abreast  of  trends  in  the  content  area,  researching  new 
hardware  and  software,  obtaining  these  resources  (fre- 
quendy  by  writing  proposals  and  obtaining  grants), 
learning  to  use  the  new  materials,  and  devising  teaching 
strategies  and  materials  to  share  with  students  in  teacher 
education  methods  courses. 

Comparison  with  School  Districts 

Some  faculty  members  pointed  out  that  the  large 
school  districts  near  them  provided  both  fulltime  staff 
dedicated  to  inservice  training  and  release  time  for  their 
teachers  to  be  trained  in  technology  skills.  They  also  had 
a  yearly  technology  budget  with  which  they  could  update 
their  resources.  In  these  locations,  school  districts  clearly 
outdistanced  teacher  education  programs  in  their  ability  to 
provide  adequate  technology  training. 

Required  Technology  Skills 

Faculty  seemed  to  agree  that  certain  technology  skills 
(e.  g.,  word  processing,  cwnputer  gradebooks)  were 
probably  essential  for  all  teacher  education  majors,  while 
many  others  (e.  g.,  selecting  and  using  software  types, 
using  videodiscs  and  telecommunications)  should  be 


learned  as  prerequisites  for  skills  studen  ts  would  later 
address  in  each  of  several  content  area  methods  courses. 
While  there  was  no  clear  agreement  on  whether  or  not  a 
basic  technology  course  should  be  mandatory  for  teacher 
education  majors,  everyone  seemed  to  feel  that  these 
skills  needed  to  be  learned  before  students  take  methods 
courses.  However,  coverage  of  these  skills  was  inconsis- 
tent both  within  and  among  programs. 

Summary  and  R^commendotiorts 

Data  from  the  survey  and  comments  from  faculty  who 
participated  in  it  were  used  to  develq)  the  following 
recommendations: 

1 .  Make  resources  available— The  rate  at  which  technol- 
ogy changes  makes  it  essential  that  all  teacher  educa- 
tion programs  have  a  consistent  plan  for  providing, 
maintaining,  and  upgrading  their  technology  re- 
sources. Yearly  funding  plans  should  be  developed  by 
faculty  in  conjunction  with  administration  to  assure 
that  each  program  can  update  resources  and  keep 
current  with  new  instructional  developments  in  the 
field.  Most  hnportandy,  teacher  education  faculty 
should  not  be  expected  to  supply  their  own  hardware 
and  software  through  grants.  This  practice  makes 
faculty  less  able  to  focus  on  their  main  concern  of 
preparing  technology-based  matmals  and  strategies 
for  use  in  their  courses. 

2.  Give  faculty  support— Faculty  expect  to  spend  a 
portion  of  their  professional  thne  updatmg  their  skills 
and  preparing  new  teaching  materials.  But  preparation 
that  involves  technology  presents  unique  and  time- 
consuming  problems.  Adminisu^ators  of  teacher 
preparation  programs  should  recognize  and  support 
faculty  efforts  to  keep  current  in  this  area  by  providing 
whatever  kinds  of  support  are  most  needed  in  the 
program.  These  include  release  time,  staff  support,  and 
sponsored  workshops. 

3.  Requiietechnologyskills— Aliteachersshouldleavetheir 
pfeservice  programs  knowing  they  have  afiindamentalbase 
of  technology  skills.  Whether  this  is  achieved  through  a 
required  technology  courseof  within  contentmedxxis 
courses  or  even  if  students  are  to  learn  them  on  their  own,  all 
teacher  education  msgors  should  be  asked  to  demonstrate 
technology  competency  specific  to  their  mjyor  before  they 
giBduate. 

Finally,  further  studies  are  needed  to  identify  how 
faculty  can  best  be  supported  in  their  efforts  to  integrate 
technology  into  preservice  programs.  In  light  of  the  wide 
variation  between  programs,  it  may  be  that  strategies 
should  vary  accoiding  to  program  characteristics.  Further 
studies  may  also  focus  on  whether  or  not  elementary  and 
secondary  programs  differ  in  the  extent  to  which  technol- 
ogy is  being  addressed. 
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Conclusion 

Although  this  study  may  supply  more  detailed  data  on 
Florida  preservice  programs  than  are  currently  docu- 
mented elsewhere,  it  is  felt  that  the  problems  identified 
here  are  not  unique  to  Florida.  On  the  contrary,  the 
situation  in  Florida  may  be  considerably  better  than  in 
other  locations  because  of  the  state*s  high-profile  commit- 
ment to  technology  in  education  and  its  being  one  of  the 
few  states  that  recommend  a  technology  course  be 
provided.  National  studies  indicate  that  the  lack  of 
attention  to  technology  requirements  in  preservice 
programs  is  widespread. 

University  programs  are,  by  definition,  expected  to  be 
models  and  training  sites  for  the  latest  in  teaching 
methods  and  materials.  But  until  more  emphasis  is  placed 
on  giving  faculty  what  they  need  to  address  technology 
skills  adequately,  teacher  education  programs  may  find 
themselves  lagging  behind  the  very  school  districts  for 
which  they  are  supposed  to  supply  trained  teachers.  This 
study  supplies  tentative  evidence  that  the  majority  of 
Florida  teacher  educators  are  well  aware  of  the  important 
role  technology  can  and  should  play  in  improving 
education  and  are  struggling  to  play  their  part  in  preparing 
teachers  who  will  recognize  it  as  well. 


Referencas 

Bracey,  G.  (1990).  Education  still  not  looking  at  the  big  picture. 

Electronic  Learning,  9(6),  20-21. 
Carr,  L.,  Novak,  D.,  &  Berger.  C.  (1992).  Integrating  technology 

into  preservice  education:  Determining  the  necessary 

resources.  Journal  of  Computing  in  Teacher  Education,  9(1), 

20-24. 

Fraliani,  J.,  Decker,  R.,  &  Korver-Baum,  B.  (1989).  Technol- 
ogy: Are  future  teachers  being  prepared  for  the  21st  century? 
Journal  of  Computing  in  Teacher  Education,  6(4),  15-30. 

Mathison,  C.  (1986).  Teacher  training  in  education  technology: 
What  student  teachers  want  to  know.  Action  in  Teacher 
Education,  8{3),  79-86. 

Pereknan,  L.  J.  (1989,  December  3,  1989).  Schools:  America's 
$500-billion  flop.  The  Washington  Post,  Section  C,  page  3. 

Singletary,  T.  J.  (1987).  Programming  for  leadership.  Journal  of 
Teacher  Education,  38(3),  26-30. 

U.  S.  Congress,  (1988).  Power  On!  New  Tools  for  Teaching  and 
Learning.  (Publication  No.  052-003-01 125-5).  Washington, 
D.  C:  Office  of  Technology  Assessment. 

M,  D.  Roblyer  is  Professor  of  Education,  College  of 
Education,  Florida  A&M  University,  Tallahassee,  Florida 
32307  Internet  address:  roblyep@fimvxfirn.edu 

Ann  Barron  is  Assistant  Professor  of  Education,  College 
of  Education,  University  of  South  Florida,  Tanipa, 
Florida  33620 Bitnet  address:  abarron@cfrvm 


Technology  In  toacher  •clucation:  A  Florido  study  54 1 

554 


School  restructuring 
through  an  educational 
technology  initiative: 
One  state's  experience 

Irish  Stoddart 
University  of  Utah 

Dale  Niederhauser 
University  of  Utah 

John  Mergendoller 
Beryl  Buck  Institute  of  Education 


Introduction 

The  introduction  of  technology  into  the  public 
schools  is  viewed  as  an  important  tool  for 
restructuring  schools  and  improving  teaching  and 
learning  (Newman,  1992;  Stoddart  &  Niederhauser, 
1993).  In  stales  aaoss  the  country  millions  of  dollars  of 
public  money  have  been  invested  m  an  effort  to  comput- 
erize instruction  (The  Office  of  Technology  Assessment, 
1988).  It  has  been  estimated  that,  within  the  next  five 
years,  nucrocomputers  will  be  routinely  used  in  most 
classrooms  over  a  wide  range  of  the  curriculum 
(Newman,  1990). 

Educators  have  high  expectations  for  instructional 
technology.  Many  policy  makers  and  educators  believe 
that  technology  can  revolutionize  traditional 
teacher-directed  approaches  to  instruction  (Collins  & 
Brown,  1990;  Collins,  Brown  &  Newman,  1990;  diSessa, 
1986;  Dwyer,  1980).  They  argue  that  by  using  microcom- 
puters, teachers  can  more  effectively  individualize 
instruction  and  make  teaching  and  learning 
student-centered.  "Computers  in  education  are  revolution- 
ary because  they  make  possible  great  teaching  in  a  system 
dedicated  to  mass  education,..by  supporting 
person-to-person  educational  influence,  not  by  replacmg 
if  (Dwyer.  1980,  p.  113). 

The  role  played  by  instructional  technology  in  the 
school  change  process,  however.,  is  the  subject  of  debate 
(Newman,  1992).  While  some  educators  envision  schools 
transformed  by  technology  others  argue  that  little  will 
change-existing  practice  will  shape  and  coopt  technology 
use  (Cohen,  1988;  Cuban,  1986).  Indeed,  the  educational 
software  programs  which  dominate  the  U.S.  market  are 
based  on  an  instructional  philosophy  that  fits  well  with 
traditional  approaches  to  instruction  and  student  assess- 
ment (Bailey,  1992;  Stoddart  &  Niederhauser,  1993).  This 
paper  explores  the  potential  of  investment  in  technology 
as  a  means  to  restructure  educational  practice  by  analyz- 
ing the  educational  outcomes  of  one  state's  investment  in 
an  educational  technology  initiative. 

Tho  Utah  Educational  Tectinology  Initiative 

Over  the  past  three  years  the  State  of  Utah  has  made  a 
substantial  investment  in  educational  technology.  Be- 
tween 1990  and  1992,  the  state  legislature  through  the 
Utah  Educational  Technology  Initiative  (ETI)  has  made 
approximately  42.8  million  dollars  available  to  Utah 
school  districts  and  colleges  of  education  for  the  purchase 
of  educational  technology  and  the  training  of  teachers  to 
use  this  technology.  In  addition,  school  districts  and 
colleges  of  education  have  matched  this  funding  with  one 
dollar  of  their  own  fmds  with  every  three  dollars  they 
have  received  from  the  ETI.  Utah  businesses  and  technol- 
ogy vendors  have  also  contributed  to  the  U'^h  Educa- 
tional Technology  Initiative  by  selling  hardware  and 
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services  at  discounts  or  by  providing  staff  training.  As 
Table  One  shows  over  100  million  dollars  have  been 
devoted  to  educational  technology  in  Utah  in  the  past 
three  years. 

Table  1 

Funding  of  the  Educational  Technology  Initiative 
(1990-1992)  

Allocation  from  the  state  legislature  $42,800,000 

Vendor  discounts  and  training  services  $21,800,000 

SuppcMt  from  business  and  industry  $5,700,000 

District  and  college  matching  funds  $26,300,000 

Grants  from  technology  and  other  companies$l  1,100,000 

Total  $107,000,000 


This  represents  an  investment  of  about  $35,000,000 
per  year  or  about  3%  of  the  regular  school  expenditure.  In 
the  1990-91  school  year  this  was  twice  as  much  as  was 
spent  on  Chapter  I  programs  ($17,073,  891),  about  8 
times  as  much  as  was  spent  on  textbooks  and  lab  fees 
($4,088,802)  and  9  times  as  much  was  spent  on  reducing 
class  size  ($4,000,000). 

This  massive  investment  of  resources  in  the  ETI 
demonstrates  Utah  policy  makers'  belief  that  educational 
technology  has  the  potential  to  increase  student  achieve- 
ment, improve  school  functioning,  influence  curric  alum 
cliange,  and  contribute  to  teachers'  professional  growth. 

Method 

Tbe  findings  presented  in  this  paper  are  drawn  from 
data  collected  as  part  of  an  evaluation  of  the  Utah 
Educational  Technology  Initiative  by  the  Beryl  Buck 
Institute  for  Education.  The  evaluation  is  built  around  the 
central  concept  of  portfolio  analysis,  an  evaluation 
method  that  incorporates  the  collection  of  both  quantita- 
tive and  qualitative  data  at  different  levels  of  analysis  and 
uses  a  number  of  sources  of  evidence  to  gauge  accom- 
plishments. In  the  analyses  reported  in  this  paper  we  draw 
on  three  levels  of  data:  (1)  district  level  data-analysis  of 
district  ETI  proposals  and  qualitative  case  studies  of  four 
school  districts  that  include  interviews  with  district  ETi 
coordinators,  administrators  and  teachers  and  observa- 
tions of  school  ETI  projects;  (2)  school  level  data  which 
utilizes  principal  and  teacher  surveys;  and  (3)  student 
level  data  which  focuses  on  standardized  test  scores. 


District  data 

In  order  to  receive  ETI  finding  each  of  Utah's  40 
scbool  districts  was  required  to  submit  a  written  ETI 
pr<^sal  to  the  State  ETI  Committee.  Funding  was 
contingent  on  conmuttee  approval.  These  proposals  were 
analyzed  to  categorize  the  district's  technology  goals  and 
evaluation  criteria  as  a  measure  of  technology  focus. 

The  evaluators  also  conducted  case  studies  of  four 
school  district-two  urban  and  two  rural  districts— to 
provide  an  indepth  view  of  the  implementation  process.  A 
researcher  visited  each  district  for  three  days  and  inter- 
viewed district  administrators  and  teachers  about  the 
development  and  inq)lementation  of  the  distria's  Educa- 
tional Technology  Initiative  plan.  The  researcher  re- 
viewed documents  and  visited  3  to  4  schools  to  observe 
the  plan  in  operation.  All  interviews  were  tape  recorded 
and  transcribed. 

School  Data 

In  the  fail  of  1991  surveys  were  distributed  to  princi- 
pals and  teachers  in  all  schools  receiving  ETI  fund- 
ing~387  elementary  schools  and  197  secondary  schools. 
Tbe  principal  survey  asked  about  the  technology  equip- 
ment purchased,  its'  location  and  use.  Surveys  were 
returned  by  393  principal  (276  elementary,  62  junior  high 
school  middle  school  and  55  high  school)-a  return  rate  of 
70%.  The  teacher  surveys  focused  on  the  amount  and  type 
ofmstructional  technology  use.  Principals  were  asked  to 
distribute  surveys  to  a  grade-level  stratified  sample  of 
teachers  who  were  actively  involved  in  the  school's  ETI 
project.  Surveys  were  returned  by  960  elementary  school 
teachers  (313  K-2  teachers,  329  3-4  teachers  and  318  5-8 
teachers  and  523  secondary  teachers  (163  6-8  teachers, 
204  9-10  teachers,  and  156 1 1-12  teachers.  The  overall 
response  rate  was  78%  or  about  2.6  teachers  per  school. 
The  sample  of  teachers  within  schools  is  biased  towards 
more  active  technology  users.  In  light  of  this,  inferences 
should  not  be  made  from  these  data  concerning  the  extent 
of  computer  use  by  teachers  in  general. 

Student  Achievement  Data 

To  evaluate  the  impact  of  the  ETI  on  student  achieve- 
ment we  compared  student  scores  on  the  Stanford 
Achievement  Test  (SAT)  in  two  groups  of  schools:  an 
ETI  treatment  group  and  a  control  group.  The  ETI 
treatment  group  schools  met  the  foUowmg  criteria:  (1) 
theu*  ETI  project  was  fully  operational  no  later  than 
January  1991,  and  had  functioned  without  problem  from 
at  least  January  to  June  1991 ;  (2)  the  projects  focused  on 
grade  5,  8  or  1 1-the  grade  levels  assessed  by  the  Utah 
Statewide  Testing  Program;  and  the  ETI  project  concen- 
trated on  mathematics  and  reading—two  subject  areas 
assessed  by  the  Utah  Statewide  Testing  Program. 
Forty-three  elementary  schools,  1 1  junior  high  or  middle 
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schools  and  10  high  schools  met  the  criteria.  Given  the 
relatively  small  number  of  secondary  schools  in  the  ETI 
treatment  group  we  omitted  them  from  further  analysis, 
and  focused  on  the  43  elementary  schools.  The  409 
elementary  who  did  not  meet  the  treatment  group  criteria 
were  used  as  the  "control  group". 

The  Utah  Statewide  Testing  Program  requires  that  the 
Stanford  Adiievement  Test  be  given  to  all  Utah  students 
enrolled  in  grades  5, 8  and  11.  School  scores  are  based  on 
the  median  student  score  for  a  grade  level.  To  account  for 
the  impact  of  student  family  background  characteristics 
the  Statewide  testing  program  calculates  an  expected 
score  based  on  the  socio-economic  status  of  the  school's 
student  peculation.  The  school's  actual  score  is  compared 
to  the  expected  score  to  assess  whether  students  in  a 
school  are  performing  better  or  worse  than  would  be 
expected.  To  analyze  the  effects  of  the  ETI  on  student 
achievement  change  between  1990  and  1991  in  5th  grade 
mathematics  and  reading  SAT  scores  for  the  ETI  treat- 
ment sample  were  compared  to  the  control  group. 

Findings 

The  findings  are  reported  at  three  levels:  (1)  the 
district;  (2)  the  school;  and  (3)  the  student.  In  the  analysis 
of  the  data  collected  at  the  district  level  we  discuss  district 
ETI  goals  and  the  implementation  process  in  the  four  case 
study  districts.  The  school  level  data  is  drawn  from  the 


principal  and  teacher  surveys  and  focuses  on  the  utiliza- 
tion of  instructional  technology  at  the  school  site.  The 
student  level  data  analyzes  the  achievement  of  fifth  grade 
students  in  mathematics  and  reading  in  a  group  of  ETI 
schools  and  control  schools  and  the  instructional  pro- 
grams in  place  in  those  schools. 

District  Level  Dcrta 

The  implementation  of  the  Utah  ETI  was  driven  by 
the  plans  laid  out  in  the  district  proposals.  The  State  ETI 
committee  reviewed  and  approved  proposals  but  did  not 
provide  project  guidelines.  District,  proposals,  therefore, 
varied  widely.  At  one  end  of  the  spectrum  were  districts 
who  embraced  a  'site-based  management  philosophy'  and 
allowed  individual  school  faculties  to  develop  their  own 
projects  at  the  other  were  districts  where  the  administra- 
tion selected  the  hardwaie  and  software  to  be  used  in  all 
the  schools  in  the  district.  Despite  these  differences  in 
structure,  however,  a  common  pattern  was  observed  in  the 
district  proposals.  The  majority  of  district  proposals 
focused  on  improving  student  achievement  in  mathemat- 
ics and  reading  and  indicated  that  project  success  would 
be  evaluated  on  the  basis  of  improvement  in  students' 
standardized  test  scores. 

ETI  Proposals.  The  project  goals  and  evaluation 
criteria  included  in  the  ETI  proposals  of  Utah*s  40  school 
districts  were  analyzed.  As  Figure  1  shows  inservice 
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teacher  training  was  a  priority  for  all  districts.  Over  85% 
of  district  proposals  also  focused  on  improving  student 
achievement  in  mathematics  and  reading.  Almost  two 
thirds  of  the  districts  listed  increasing  student  and  teacher 
access  to  computers  as  a  goal,  and  70%  indicated  they 
would  provide  necessary  technical  support.  In  contrast, 
goals  such  as  vocational  training,  developing  partnerships, 
improving  thinking  skills,  and  elementary  science  were 
mentioned  in  a  minority  of  proposals. 

Tliirty-eight  out  of  40  school  districts  (95%)  planned 
to  evaluate  their  ETI  projects  by  incrcases  in  student 
achievement  scores  in  reading  on  standardized  tests  such 
as  the  Standard  Achievement  Test  (SAT)  and  the  Ameri- 
can College  Test  (ACT).  These  districts  also  specified 
improvement  criteria  such  as  **an  increase  in  percentile 
points  by  2%  a  year"  and  "80%  of  students  will  attain  the 
60th  percentile  on  the  SAT  by  199T\  One  hundred 
percent  of  districts  planned  to  evaluate  their  ETI  projects 
on  the  basis  of  improved  student  achievement  in  math- 
ematics. 

Case  Studies.  The  case  studies  conducted  in  two  rural 
and  two  urban  school  districts  focused  on  implementation 
of  the  ETI  process.  In  all  four  cases  computer  vendors 
were  extremely  influential  in:  (1)  the  selection  and 
installation  of  software  and  hardware,  and  (2)  the  training 
of  teachers  to  use  instructional  technology. 

The  developers  of  the  ETI  required  all  school  districts 
to  develop  and  submit  for  approval  an  educational 
technology  plan.  The  four  districts  studied  established 
ETI  committees  made  up  of  school  administrators, 
teachers  and  parent  representatives  to  write  the  plan. 
These  individuals  typically  were  interested  in  educational 
technology  but  lacked  expertise  in  the  area.  All  four 
district  ETI  committees  turned  to  local  computer  vendors 
for  advice  on  what  computer  systems  and  software  to 
purchase.  Typically,  experts  from  a  variety  of  companies 
were  invited  to  demonstrate  their  systems.  One  large 
urban  school  district  held  a  "Vision  Conference**  in  which 
representatives  from  six  leading  nr*^onal  and  local 
companies  {Apple,  AT&T,  IBM,  Novell,  Tandy  and 
Wasatch  Educational  Systems)  were  invited  to  present 
"their  vision  of  technology  and  how  that  might  fit  into  the 
schools".  The  Vision  Conference  was  followed  by  a  series 
of  meetings  at  which  individual  school  plans  were 
selected.  In  this  district  the  principal  and  teachers  in  each 
school  selected  the  hardware  and  software 
systems-resulting  in  a  great  deal  of  diversity  across  the 
district,  h  the  three  other  districts,  a  unified  hardware 
system  and  software  programs  were  selected  for  all  the 
schools  in  the  district  by  the  ETI  committee.  In  all  four 
districts,  however,  the  selecting  of  the  educational 
technology  program  was  made  by  individuals  with  limited 
expertise  in  instructional  technology.  These  individuals 
were  strongly  influenced  by  the  software  vendors.  Most 


districts  opted  for  an  Integrated  Learning  System  (ILS) 
package  which  includes  the  hardware,  software,  teacher 
manuals,  student  woricbooks,  and  pre-  and  post-  assess- 
ment options. 

Computer  vendors  were  also  influential  in  the  traming 
of  teachers.  Under  the  terms  of  the  ETI  districts  were  not 
allowed  to  use  ETI  funds  for  staff  develq)ment  Most  of 
the  computer  companies  included  in  their  package  3  to  5 
days  of  training  for  teachers.  This  training  typically 
consisted  of  basic  computer  operation  and  an  introduction 
to  one  or  two  software  programs.  In  many  cases  this  was 
the  only  training  the  teachers  received.  The  teacher  survey 
data  indicates  that  34%  of  the  teachers  actively  involved 
in  the  Utah  ETI  received  less  than  ten  hours  training  in 
the  use  of  instmctional  technology.  FcMty-five  percent 
report  they  received  no  training  at  all.  Personnel  in  all 
four  districts  noted  that  teachers*  lack  of  expertise  in 
technology  was  a  major  impediment  to  the  implementa- 
tion of  the  ETI.  Although  all  40  school  districts  had  given 
teacher  training  the  highest  priority  in  their  ETI  proposals 
few  had  been  able  to  implement  it  in  practice. 

School  Level  Data 

Types  and  Amount  of  Technology  Use.  The  data  on 
technology  utilization  are  drawn  from  surveys  of  393 
principals  and  1403  teachers.  Microcomputers  in  labs  or 
classroom  settings  are  the  most  frequently  used  type  of 
technology  inboth  elementary  and  secondary  schools. 
Fewer  than  20%  of  teachers  report  having  access  to 
laserdiscs,  scanners,  or  modems.  In  the  3  year  period  from 
1989-92,  the  number  of  mstructional  computers  in 
elementary  schools  more  than  doubled  from  5,308  to 
10,786.  In  secondary  schools  the  number  increased  from 
7,345  to  10,855.  Overall,  the  number  of  computers  in 
classrooms  increased  83%  from  3,218  to  5,893  and  the 
number  of  computers  found  in  computer  labs  increased 
79%  from  8,161  to  14,569.  Significantly  more  elementary 
school  teachers  (81%)  use  computers  in  lab  settings  than 
secondary  school  teachers  (67%).  The  average  student  to 
computer  raUo  m  elementary  schools  declined  from  20  to 
1  to  11  to  1  and  in  high  schools  the  average  computer  to 
student  ratio  declined  from  10  to  I  to  6  to  1 . 

In  the  same  time  period,  Utah  public  school  teachers 
report  that  they  doubled  the  amount  of  time  they  spent 
using  technology  for  instructional  purposes.  Elementary 
teachers  inaeased  from  an  average  of  1.26  hours  per 
week  to  an  average  of  2.99  hours  per  week  and  secondary 
school  teachers  increased  their  average  use  from  3.4  hours 
to  7.8  hours  per  week.  The  increase  m  hours  of 
computer-assisted  instruction  is  significantly  greater  m 
secondary  schools  (4.4  hours  per  week)  than  in  elemen- 
tary schools  (1.7  hours  per  week).  In  the  1991-92  school 
year  the  average  elementary  student  spent  approximately 
60  minutes  a  week  using  a  computer  and  the  average 
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secondary  student  135  minutes  a  week. 

The  number  of  computers  avaUable  to  elementary  and 
secondary  teachers,  however,  is  about  the  same- 10,855 
computers  in  secondary  schools  and  10,768  computers  in 
elementary  schools.  Secondary  teachers,  therefore,  are 
making  a  greater  use  of  the  available  computers  than 
elementary  school  teachers.  This  may  be  a  function  of 
their  greater  experience  with  computer-assisted  instruc- 
tion. In  1989,  before  ETI,  secondary  teachers  had  more 
computers  available  to  them  and  used  them  more  fre- 
quently than  elementary  school  teachers. 

Instructional  Use.  Elementary  teachers  use  computers 
most  frequently  for  mathematics  instruction  (74%) 
followed  by  reading  instruction  (49%)  and  writing 
instruction  (42%).  The  predominant  instructional  pur- 
poses are  those  of  teachmg  the  Utah  Core  Curriculum, 
playing  games  and  word  processing  (see  Table  2).  The 
majority  of  elementary  teachers  use  computers  to  instill 
basic  skills  through  drill  and  practice  (82%),  for  enrich- 
ment (74%)  or  for  review  or  remediation  (70%).  Fewer 
use  computers  to  develop  higher  order  thinking  skills 
(60%),  enhance  creativity  (60%)  or  present  new  concepts 
(44%). 

As  Table  2  shows,  secondary  school  teachers  actively 
involved  in  the  ETI  use  computers  most  frequently  for 


writing  instruction  (53%)  followed  by  mathematics 
instruction  (38%)  and  reading  instruction  (20%).  The 
pred(Hninant  instructional  purposes  at  the  secondary  level 
are  word  processing  (82%),  grading  student  woric  (78%) 
and  teaching  the  Utah  Core  Curriculum  (64%).  Less  than 
40%  of  respondents  reported  using  computers  in  simula- 
tions, as  a  reward  for  students,  for  games,  or  for  visual 
presentations.  Only  about  one  secondary  computer  user  in 
seven  uses  the  technology  for  telecommunications  or  to 
access  remote  data  bases.  Secondary  school  teachers  also 
use  computers  extensively  for  drill  and  practice  (60%), 
enrichment  (64%)  and  review  and  remediation  (55%). 
They  use  canputers  more  frequently,  however,  to 
enhance  students'  creativity  (68%),  stimulate  higher  order 
thinking  (64%)  and  introduce  new  concepts  (59%). 

Secondary  school  teachers  not  only  use  computers 
more  frequently  but  also  use  them  in  more  elaborated 
ways  than  elementary  school  teachers.  There  are  signifi- 
cant differences  in  use  in  every  category  of  uistructional 
purpose  (see  Table  2).  To  examine  differences  between 
elementary  and  secondary  teacher  reports  of  their  instruc- 
tional use  of  technology,  a  1  x  2  Kruskal-Wallis  nonpara- 
metric  Analysis  of  Variance  was  performed  for  each 
category.  Significant  p  values  are  reported  in  the  table. 
Elemaitary  teachers  are  more  likely  to  use  the  computer 


Table  2 

Percentage  of  Actively  Involved  ETI  Teachers  Using  Technology  for  Different  Instructional  Purposes 
and  Goals  . 

Level 

InstructionalPurpose  Elementary  Secondary  

Teach  Core  Curriculum  73.3  64.6  ** 

Games  68.5  40.5  *** 

Word  Processing  66.5  82.0  *** 

Grading/Record  Keeping  57.1  75.9  *** 

As  a  Reward  47.8  37.6 

Testing  32.9  51.0  *** 

Simulations  30.9  4O.0 

Visual  Presentations  12.9  32.4 

Telecommunications  11.2  1 6.3 


Instructional  Goal 

Drill  and  PracUce  82.0  61.0 

Enrichment  74.2  65.1 

Review  and  RemediaUon  70.2  55.6  *** 

Higher  Order  Thinking  60.3  64.1 

Creativity  Enhancement  59.5  68.0 

Conc^t  Introduction  43,8  58.8 

Note:  ***  =  p <  .001,  **^p<  .01,  *  =  p <  .05  


*** 
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to  teach  the  core  curriculum  and  for  computer  games 
significantly  more  than  secondary  school  teachers. 
Secondary  school  teachers,  however,  show  significantly 
greater  use  in  every  other  category.  As  Table  3  shows, 
elementary  school  teachers  use  the  computer  significandy 
more  tban  secondary  school  teachers  for  traditional 
instructional  purposes-drill  and  practice,  enrichment, 
review  and  remediation— and  significantly  less  for 
conceptual  instruction  involving  aeativity  enhancement 
and  concept  introduction. 

Student  Level  Data 

To  analyze  the  impact  of  the  ETI  on  student  achieve- 
ment we  focused  on  change  in  the  fifth  grade  SAT 
mathematics  and  reading  scores  from  1990  to  1991. 
Figure  2  shows  Uie  percentage  of  ETI  treatment  and 
conu*ol  group  schools  scoring  above  their  predicted  scores 
in  mathematics  in  1990  and  1991.  As  Figure  One  shows, 
the  percent  of  the  control  schools  scoring  above  theu 
predicted  math  scores  remained  basically  the  same  from 
1990  to  1991.  In  contrast  the  percent  of  the  ETI  schools 

Project  Goals 


scoring  above  their  predicted  scores  inaeased  from  56% 
in  1990  to  76%  in  1991.  A  McNemar^s  chi  square 
forsignificance  of  change  indicated  the  change  in  the  ETI 
treatment  schools  was  statistically  significant  (1  df= 
3.267,  p  s  0.07)  but  nonsignificant  in  the  control  schools 
(ldf«0.131,p  =  0.72). 

A  similar  trend  was  apparent  in  reading  achievement 
(see  Rgure  2).  In  1990, 51%  of  die  control  group  schools 
scored  above  thehr  predicted  reading  scores,  compared 
with  53%  in  1991.  Although  this  represents  a  slight  trend 
toward  improvement^  it  is  of  small  magnitude.  The 
change  in  the  percent  of  ETI  elementary  schools  scoring 
above  their  predicted  reading  scores  in  1990  and  1991  is 
considerably  greater,  to  1990,  56%  of  the  ETI  schools 
scored  above  their  predicted  score,  compared  with  67%  m 
1991.  This  change,  however,  was  not  statistically  signifi- 
cant (McNemar*s  chi  square,  1  df  :=  2.273,  p  =  0.13). 

Interviews  with  a  random  sample  of  IS  principals  of 
the  ETI  control  gro  jp  schools  indicated  that  all  of  these 
schools  had  focused  on  drill  and  practice  in  mathematics 
and  reading  and  the  improvement  of  student  tests  taking 


eti  control         '     eti     '  control 

Mothemotics  Reoding 

n  (eti)  =  43 

n  (control)  =  409 
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skills.  According  to  the  principals  computer-assisted 
instructions  was  one  piece  of  an  instructional  package  that 
bad  focused  on  raising  tests  scores,  in  14  of  the  schools 
students  were  engaged  in  an  average  of  20  minutes  of 
laboratory-based  computer  assisted  instruction  utilizing 
drill  and  practice  programs.  In  the  15th  school,  students 
did  drill  and  practice  using  paper  and  pencil  work  sheets. 
In  all  the  schools  focus  on  drill  and  practice  was  inte- 
grated with  explicit  instruction  on  test  taking  skills  and 
teaching  to  the  test. 

Discussion 

The  fust  phase  of  the  ETI  is  meeting  many  of  the 
state's  basic  goals  for  technology.  Utah  elementary  and 
secondary  students  now  have  more  access  to  computers 
and  spend  more  time  using  them.  Teachers  and  adminis- 
trators believe  the  use  of  technology  in  schools  is  improv- 
ing student  learning  and  preliminary  findings  support  this 
view.  The  results  of  slate  performance  tests  indicate  that 
COTiputer  assisted  instruction  has  significantly  improved 
the  mathematics  and  reading  scores  of  low  achieving 
students  in  ETI  schools  where  computer-assisted  instruc- 
tion has  been  in  place  for  at  least  one  semester.  Technol- 
ogy, however,  is  primarily  used  for  traditional  instruction. 
Elementary  school  teachers  use  computers  most  fre- 
quently for  drill  and  practice  in  mathematics  and  reading. 
Secondary  school  teachers  tend  to  focus  on 
computer-assisted  writing  projects.  Few  teachers  or 
students  use  computers  to  access  communications 
networks  or  databases  or  use  computers  as  tools  for 
problem  solving. 

The  findings  reported  in  this  paper  do  not  support  the 
view  that  the  Utah  ETI  is  changing  teachers*  instructional 
practice.  Rather,  teachers  are  using  computers  to  fit  in 
with  their  existing  approach  to  teaching.  At  the  district, 
school  and  classroom  level  the  primary  purpose  of 
COTiputer  assisted  instruction  is  to  instill  basic  skills 
through  drill  and  practice.  The  restricted  use  of 
computer-assisted  instruction  is  not  confmed  to  Utah. 
Becker  (1992a;  1992b),  in  discussing  th**.  findings  of 
national  and  international  surveys  on  comp:^ter,  reports 
that  computers  are  typically  used  to  support  tralitional 
practice.  In  traditional  practice  computers  are  used  as, 
"substitutes  for  paper-and-pencil  worksheets  and  for 
"enrichment**  to  reward  the  completion  of  other  work. 
Except  for  secondary  school  English  teachers,  the  major 
use  of  computers  was  to  help  students  master  basic  facts 
or  skills**  (Becker,  1992b,  p.4). 

This  relatively  restricted  use  of  technology  may  be 
due  to  the  fact  that  most  Utah  teachers  received  minimal 
training  in  the  instructional  uses  of  technology.  Becker 
(1992b)  emphasizes  that  teacher  education  is  the  key  to 
developing  more  elaborated  use  of  instructional  comput- 
ers: "One  of  the  most  consistent  fmdings  on  the  findings 


of  e.iemplary  computer-using  teachers  is  that  they  work  in 
schools  and  in  districts  that  have  invested  heavily  in  staff 
development  and  on-site  staff  support  for  computer  usmg 
teachers**  (p  11).  InUtah  the  majority  of  teachers  had 
received  less  than  ten  hours  of  training  in  the  instructional 
use  of  computers. 

This  lack  of  expertise  in  computer-assisted  instruction 
was  apparent  at  all  levels  of  the  ETI  implementation 
process.  District  and  school  administrators,  parents  and 
teachers-all  with  limited  knowledge  and  experience  of 
educational  technology-were  asked  to  make  decisions 
about  the  purchase  of  millions  of  dollars  worth  of 
computer  hardware  and  software.  It  is  not  surprising  that 
they  sought  advice  from  the  most  available  source  of 
expertise-the  computer  vendors.  Currently,  the  computer 
software  market  is  dominated  by  software  companies  that 
promote  the  use  of  Integrated  Learning  Systems  (ILS) 
(Bailey,  1992).  ILS  typically  incorporate  traditional  drill 
and  practice  jypproaches  to  teaching  and  learning 
(Stoddart  &  Niederhauser,  1993).  The  instrucUonal  goals 
of  these  systems  fitted  well  with  the  goal  of  districts  to 
improve  student  test  scores  in  mathematics  and  reading. 
To  complete  the  cycle,  such  programs  did  significantly 
improve  student  standardized  tests  scores.  The  tight  fit 
between  ILS  systems,  traditional  instruction  and  standard- 
ized tests  makes  the  cycle  hard  to  break. 
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Fwer  than  one-thitd  of  practicing  teachers  perceive 
themselves  as  prepared  to  teach  with  cooipu^A^rs 
(U.  S.  Congress,  1988),  and  while  efforts  io 
improve  this  situation  are  underway,  success  has  been 
largely  limited  to  a  few  demonstration  sites  (Schrum, 
1991).  Research  has  examined  technology  use  in  schools, 
but  has  focused  on  students  rather  than  teachejs  (Glenn  & 
Carrier,  1989)*  One  possible  reason  for  this  may  be  a  lack 
of  technology  rich  environments  in  which  to  determine  if 
teachers  are  using  the  skills  they  have  learned. 

The  literature  identifies  elements  thought  to  be 
necessary  for  technology  implementation.  Extensive 
practice,  comfortable  atmosphere,  individualized  attention 
and  voluntary  participation  havs  been  reported  as  signifi- 
cant (Stecher  &  Solorzamo,  1987;  Sturdivant,  1989; 
Zammit,  1992).  Yet  few  models  exist  for  a  district  to 
study  as  it  begins  the  process  of  implementing  technol- 
ogy. More  important,  these  reports  do  not  provide  the 
voices  of  educators. 


Purpose 

Tlie  purpose  of  this  study  was  to  describe  three  school 
districts*  technology  implementation  efforts  as  they 
evolved,  to  interview  participants  and  to  present  their 
perspectives.  Another  goal  was  to  gain  insight  and 
identify  the  types  of  support  necessary  as  teachers  learn 
about  technology.  The  questions  with  which  I  began 
were: 

•  What  characteristics  do  the  participants  bring  to  their 
respective  districts*  plans  regarding  technology?  For 
example,  what  are  their  attitudes  to  technology  in 
general  and  why  did  they  become  involved? 

•  What  specific  aspects  of  these  models  impact  ed'aca- 
tors*  adoption,  use  and  inclusion  of  technology  into 
the  teaching  and  learning  process? 

•  What  other  factors  appear  to  influence  the  implemen- 
tation process? 

Reseorch  Methods 

1  worked  simullaneouslywith  three  school  districts  as 
a  consultant.  As  such,  I  had  access  to  educators  and 
administrators.  Although  I  made  suggestions  and  contrib- 
uted to  the  development  of  these  models,  each  district 
evolved  goals  arising  from  its  culture  and  needs. 

I  began  this  research  with  a  qualitative  framework; 
using  ethnographic  techniques.  I  formally  and  informally 
interviewed  educators,  participated  in  meetings,  kept 
journal  notes  on  activities  and  obs<;tved  educators  in  their 
classrooms  over  a  two-year  period. 

I  analyzed  the  (tata  from  multiple  perspectives.  Tv^ 
implementation  plans  were  ongoing  so  I  adopf  <xl  an 
ecological  framework,  viewing  each  district*  s  situation  as 
it  evolved.  As  a  participant  observer,  I  had  a  view  of  the 
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successes  and  difficulties.  Also,  I  interviewed  participants 
about  their  reasons  for  joining  the  project  as  weU  as 
ongoing  details  of  their  experieiices.  My  personal 
involvement  with  technology  and  teacher  education 
certainly  influenced  the  ways  in  which  I  framed  questions 
and  inteipreted  the  data. 

Di$cus$]on  of  ResecNTCh  QuosKcns 

Two  of  the  districts  were  in  small  rural  communities 
and  one  was  in  an  industrial  city.  Each  district  identified  a 
unique  manner  of  implementation.  These  efforts  included 
teacher  mini-grants,  consultant  workshops,  development 
of  a  "school  within  a  school"  wi  a  traveling  technology 
support  person. 

I  will  present  the  research  fuidings  from  the  three 
districts  as  individual  and  unique  models,  and  also  look  at 
the  three  districts  as  representatives  of  larger  efforts 
currently  taking  place.  I  will  begin  by  reviewing  the 
research  questions. 

Characteristics  of  Participonts 

Looking  at  who  the  educators  are  and  why  they  are 
involved  can  inform  efforts  to  encourage  the  thoughtful 
use  of  technology. 

What  attitudes  did  these  educators  hold  regarding 
technology  in  educational  settings?  Why  were  they 
involved  in  this  innovative  activity  in  their  district?  The 
vast  majority  of  individuals  came  to  the  projects  willingly 
and  did  so  with  a  positive  and  curious  attitude  about 
technology.  These  educators  rushed  toward  opportunities 
to  learn  and  experiment.  Teachers  identified  themselves 
as  "eager  to  discover*'  or  "nervous  but  willing  to  jump  in'* 
and  even  "I'm  terrified,  but  this  is  an  opportunity  too 
good  to  miss."  One  teacher  loid  me  joyfully  that  he  had 
long  encouraged  his  district  to  take  an  interest  in  technol- 
ogy. "Now  they  are  going  to  begi  a  with  the  purchase  of 
new  equipment  and  move  on  from  there,"  he  said.  "Yes!" 
I  also  heard  comments  similar  to  this,  "Suddenly  I  have  a 
voice  in  deciding  about  technology,  and  1  have  to  learn 
more  before  I  can  make  decisions.'* 

Circumstances  forced  some  participants  to  become 
involved.  Teachers  who  wanted  to  join  a  Year  Round 
school  within  a  school  [District  A]  found  technology  was 
part  of  the  program.  One  woman  explained,  "I  will  not 
use  the  dam  things  [computers];  they  can  sit  in  the  back 
of  my  room  but  no  one  can  make  me  use  them." 

In  District  C,  "assigned"  principals  comprised  one 
distinct  group.  /^aiajUI  half  of  these  individuals  considered 
computers  as  inevitable  and  joined,  albeit  grudgingly. 
Others  did  not  touch  the  machines  and  assigned  their 
seaetaries  to  lake  care  of  the  technology. 

Expected  Outcomes.  The  volunteers  had  a  variety  of 
expectations  for  their  experiences.  Many  wanted  en- 
hanced professional  development.  One  group  of  middle 


school  science  teachers  had  won  a  grant  for  a  Macintosh 
and  laser  disk  player,  but  they  knew  nothing  about  the 
computer  or  making  it  all  work  together.  Hiey  wanted  to 
have  time  with  the  consultant  and  to  practice  so  they 
could  use  their  new  equipment. 

Educators  expressed  an  outcome  related  to  conmiuni- 
cation  between  the  district  and  themselves.  Many  teachers 
viewed  a  consultant  as  a  conduit  to  the  administration  and 
an  entree  to  technology  decisions.  I  will  describe  one 
situation. 

One  school  had  an  Apple  lie  lab  with  an  odd  collec- 
tion of  software.  Teachers  were  not  familiar  with  the 
software,  were  unsure  what  to  do  in  the  lab,  and  as  a 
result,  took  the  students  to  the  lab  once  a  week  to  play 
games.  Rarely  was  a  connection  made  between  the  work 
in  the  lab  and  the  curricula  of  the  classroom. 

A  shared  goal  emerged  from  my  interviews  with 
teachers.  They  wanted  to  "break  up  the  lab  and  get  the 
computers  in  the  classrooms."  When  asked  what  they 
would  do  with  a  computer,  one  teacher  admitted,  "I  don't 
know  what  I  can  do,  but  I  would  like  to  try  -  word 
processing,  keeping  grades.  I  know  I  am  ready  to  try," 

Previous  efforts  to  break  up  the  lab  had  failed.  Now 
several  teachers  insisted  that  they  had  a  chance  to  be 
heard.  I  was  told,  "The  administration  has  not  listened  to 
us  befwe,  but  now  you  are  here  to  help  get  our  message  to 
them.  It  helps  to  have  someone  impartial  to  act  as  go 
between," 

Specific  Variables  of  tiie  Models 

Each  aspect  of  the  models  had  some  positive  results. 
District  A  educators  developed  a  support  group  for 
sharing  ways  to  use  technology,  but  also  volunteered  to 
tackle  other  tasks.  One  teacher  decided  to  take  a  leader- 
ship role  by  reviewing  software  at  a  regional  technology 
center. 

District  B  used  a  change  agent,  in  the  form  of  a 
technology  consultant  returning  weekly  to  each  school- 
Each  participant  asked  questions  at  his/her  own  computer, 
based  on  personal  needs.  The  district  tracked  the  number 
of  emergency  calls  and  found  more  than  a  50%  drop.  One 
woman  said,  "I  will  wait  a  whole  week  until  you  come  to 
fuid  the  answer  to  my  questions.  And  you  always  bring 
something  new  that  I  never  considered."  Another  com- 
mented, "I  have  taken  afternoon  courses  but  this  is  belter. 
Here  you  are  showing  me  solutions  to  MY  work  on  MY 
machine." 

District  B  used  a  method  of  mini-grants  for  distribu- 
tion of  technology  money.  A  shop  teacher  wanted  to  m^ike 
videos  for  safety  lessons.  The  video  teacher  wanted 
funding  for  new  cameras.  Together  tliey  submitted  a 
district  mini  grant  to  pay  the  video  club  to  make  the  safety 
tape.  With  the  money  the  club  bought  new  equipment. 
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Factors  thof  Influoncod  ttw  Process 

Attributes  that  Enhanced  the  Process.  The  models 
shaied  one  feature  that  positively  influenced  technology 
implementation.  Communication  was  enhanced  between 
and  among  those  involved.  First,  each  district  hired  a 
consultant  to  work  closely  with  educators,  support  staff 
and  others.  The  consultant  facilitated  vertical  communica- 
tion between  organizational  levels  of  the  district.  Almost 
without  exception  people  felt  the  consultant  to  be  a 
valuable  addition  to  the  process.  I  heard  comments  such 
as:  "I  can  complain  to  you  and  you  anonymously  pass  my 
thoughts  to  the  superintendent'*    like  the  way  we 
identified  the  kinds  of  support  we  need,  and  then  you 
wrote  them  into  your  report  to  her  [the  administrator]." 

Next,  the  models  fostered  horizontal  communication 
among  groups.  Primary  educators  were  grouped  together 
for  discussions  in  District  B  and  began  joint  planning.  In 
District  A  the  "school  within  a  school"  teachers  became  a 
cohort  of  support.  In  District  C  the  secretaries  developed  a 
strong  relationship  as  they  experienced  similar  challenges. 
This  enhanced  collegiality  ultimately  helped  participants 
identify  and  pursue  shared  goals. 

The  consultant  also  facilitated  moving  educational 
goals  into  technology  applications.  Four  primary  teachers 
asked  to  meet  with  me.  We  discussed  their  use  of  whole 
language,  collaborative  authentic  writings  and  frequently 
used  big  books.  A  colleague  and  I  explained  ho  w  a 
computer,  overhead  projector,  data  projection  panel  and 
printer  might  be  used  to  create  shared  writings  and 
produce  stories  in  large  font.  These  teachers  decided  tliey 
wanted  to  try.  They  needed  a  cart,  access  to  the  school's 
data  projection  panel  and  one  computer  from  the  lab.  We 
arranged  a  demonstration  and  practice  session  and  the 
group  left  determined  to  begin  immediately. 

Factors  that  Disrupted  the  Process,  Lack  of  organiza- 
tional support  for  change  was  Uie  greatest  obstacle  to 
success.  This  support  concerned  access  to  planning, 
consultant  support,  release  a:id  study  time,  and  availabil- 
ity of  supplies.  One  district  routinely  arranged  for 
substitute  teachers  and  paid  for  participants'  lunch  during 
the  staff  development.  This  expenditure  of  money  and 
time  demonstrated  the  district's  respect  for  the  teachers. 
Another  district  expected  the  teachers  to  donate  their 
vacation  days  for  inservice.  One  teacher  told  nn%  "I  have 
to  use  two  personal  days  to  learn  about  the  comixiters  and 
I  will,  but  I  will  not  forget  this  later;  who  do  they  think  I 
am  doing  this  for?" 

Another  aspect  concerned  districts'  organizational 
routines,  such  as  ordering.  District  A,  for  example,  had 
new  machines  and  no  software.  After  my  first  visit  I 
recommended  softwrire  for  review.  Only  later  did  I  learn 
that  it  was  not  ordered  for  three  months.  One  teacher  told 
me,  *They  [the  administraaon]  always  say  they  want  us  to 
do  things,  but  then  red  tape  and  delays  make  it  impos< 


sible.  Who  gets  the  blame  when  things  aren't  done?" 

Recommendations  ond  Conclusions 

I  am  convinced  that  there  is  no  best  way  to  teach 
educators  about  technology.  Each  district  made  progress 
and  difficulties  due  to  limitations  of  time  and  money.  It 
^jpears,  from  the  stories  of  those  involved,  that  the 
following  three  issues  must  be  considered  when  imple- 
menting a  technology  plan. 

Cottununication.  Lack  of  vertical  and  horizontal 
coomiunication  stand  out  as  the  major  difficulty  in 
technology  implementation.  Traditional  patterns  of 
communication  must  be  assessed  and  ongoing  effort  must 
be  made  to  provide  open  access  to  decision  making. 

Tmie.  Districts  have  difficulty  identifying  what  needs 
to  be  done  and  who  has  the  responsibility  for  it.  Persky 
found,  "...the  notion  of  training  is  insufficient  to  encom- 
pass the  kind  of  knowledge  and  support  teachers 
need"(1990,  p.  38).  Successful  use  of  technology  requires 
more  than  learning  to  use  a  machine,  teachers  need  new 
ways  of  conceptualizing  the  teaching  process.  We  often 
speak  of  allowing  children  the  gift  of  time  for  learning, 
yet  educators  are  seldom  granted  that  same  gift. 

Consultants.  It  appears  that  hiring  a  consultant  aids 
implementation  of  technology,  with  the  following  caveat. 
One  shot  visiting    ^rts  produce  few  lasting  effects,  so 
the  consultant  roust  become  part  of  the  process  and  be 
accountable  for  promises.  The  administration's  commit- 
ment to  technology  can  be  measured  by  willingness  to 
expend  resources,  including  those  spent  on  a  consultant. 

Conclusion.  In  this  sttidy,  I  investigated  techniques  for 
integrating  technology  in  educational  settings.  Adminis- 
trators and  educators  do  see  the  value  of  enhancing  the 
teaching/learning  process  with  technology.  The  main 
constraints  continue  to  be  inadequate  hardware  and 
software,  limited  time,  and  underestimated  training  and 
support  needs  of  personnel.  These  are  directly  influenced 
by  financial  considerations,  and  overarching  everything  is 
a  lack  of  communications. 

I  recen  tly  heard  Jonathan  Kozol  speak  on  the  vast  disaq)- 
ancy  between  rich  and  poor  school  districts.  He  is  firequently 
asked,  **Can  nK)ney  really  help?  Do  you  really  want  us  to  throw 
money  at  the  problem?' He  tokJ  the  audience  that  his  answer  is 
always  the  same,  "Hell  yes,  throw  money  at  the  proWem,  throw 
buckets  ofthe  stuff!"  (1992) 

I  am  not  suggesting  that  we  throw      money  at 
technology  implementation,  however,  we  must  develop 
examples  of  technology  rich  situations  in  all  schools. 
Only  then  will  we  be  able  to  tell  what  role  technology 
might  play  in  the  teaching/learning  process.  If  we  are  to 
infonn  ourselves,  we  must  have  adequate  knowledge  to 
base  decisions.  I  would  rephrase  Kozol' s  words  and  say, 
*Throw  lime  at  the  problem,  tons  of  time  for  learning, 
experimenting  and  leaching  with  technology." 
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Infroduction 

At  an  increasing  rate,  educational  institutions  arc 
adopting  LAN-based  systems  like  the  IBM 
Classroom  LAN  Administration  System 
(ICLAS)  as  instructional  delivery  platfonns.  The  use  of 
such  instructional  platfonns  allows  comprehensive  and 
detailed  information  to  be  generated  and  analyzed  for  the 
study  of  student  interactions  with  courseware.  ICLAS,  for 
example,  can  note  the  date  and  time  of  logon,  application 
used,  date  and  time  of  logoff,  teacher,  and  class  for  every 
network  session  of  any  user.  The  puiposes  erf  this  paper 
are  to  review  literature  relating  CBI  (computer  based 
instruction)  time-on-task  measures  to  student  perfor- 
mance, to  provide  detail  on  the  instrumentation  used  to 
acquire  ICLAS  log  data,  and  to  present  the  results  of  an 
analysis  of  student  information  collected  on  a  large  class 
of  upper-level  undergraduate  education  majors. 

Collecting  Usoge  Data  On  Computer*Basad 
Instpjction 

Many  reviewers  have  concluded  that  CBI  results  in 
substantial  savings  of  student  time  (e.g.,  Kulik,  1985; 
Roblyer,  Castine,  &  King,  1988.)  Yet,  Jamison,  Suppes, 
and  Wells  (1974)  decried  the  lack  of  quantitative  data  to 
support  reports  that  CBI  saved  time  and  posited  that  the 
results  demonstrated  in  the  studies  that  they  reviewed 
were  preliminary  in  nature.  They  recommend^jdfurther 
research  to  support  the  assertions  of  time  savings, 
asserting  that  the  ideal  model  would  relate  a  vector  of 
output  measures  to  the  time  pattern  of  instructional  inputs 
and  would  not  be  feasible  without  an  experiment  of  vast 
magnitude. 

-savings  in  time-on-task  continues  to  be  touted  as  a 
major  advantage  of  computer-based  education,  yet 
relatively  few  research  designs  include  any  provision  for 
careful  measurement  of  time.  Those  studies  specifically 
reporting  on  time  either  do  not  mention  bow  the  time  data 
was  collected  (e.g.,  Corbett  &  Anderson,  1991)  or  rely  on 
self-reporting  from  the  subjects  (e.g.  Lawson,  1987). 
Kitabchi  (1987)  used  a  human  monitor  who  observed  the 
subjects  and  simply  reported  that  time  varied.  Duffy,  et  al. 
(1987),  at  the  other  extreme,  used  an  observer  at  an  IBM- 
PC  with  a  lime-recording  program  to  note  each  subject's 
actions.  Although  this  level  of  precision  in  data  collection 
is  possible  when  working  with  small  samples,  few 
researchers  are  able  to  expend  the  resources  necessary  for 
such  exact  measurements  in  larger  experiments. 

Now,  using  improved  technologies,  educators  have 
opportunities  to  gather  and  to  analyze  information 
acquired  in  the  midst  of  the  learning  experience.  It  is 
currently  possible  to  make  objective  measures  of 
time-on-task  on  an  individual  basfs,  surmounting  the 
limitations  of  earlier  studies  noted  by  Jamison  and  olhers. 
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Potentially,  every  keystroke  that  a  learner  makes  while 
completing  computer-delivered  lessons  can  be  captured 
and  analyzed.  This  brief  review  of  the  literature  indicaies 
that  educators  are  just  now  beginning  to  explore  the 
potential  for  investigating  the  phenomena  of 
computer-based  teaching  and  learning.  In  the  future,  as 
technology  becomes  even  more  sophisticated,  as  ccHnput- 
ers  become  more  c^ble  learners,  and  as  studies  such  as 
this  one  augment  the  knowledge  base,  other,  even  more 
sophisticated  kinds  of  information  will  become  available. 

Research  Questions,  Hypotheses,  and  Variat>ie$ 

The  majcMT  variable  in  this  experiment  was  student 
time  spent  on-task  in  the  computer  lab.  Three  questions 
were  of  particular  interest — what  was  the  total  lab  lime 
for 

1)  all  course  applications? 

2)  computer-literacy  applications? 

3)  pedagogical  computer  applications? 

Measures  of  three  additional  dependent  variables  were 
also  available  on  this  population.  Attitude  change  was 
defined  as  the  difference  between  pre-course  and 
end-of-course  means  on  an  attitude  instrument  developed 
by  Troutman  (1991).  Course  knowledge  change  was 
defined  as  the  difference  in  scores  between  pre-course  and 
end-of-course  administrations  of  a  test  of  computer 
knowledge.  Course  grade  was  a  combined  measure  of  test 
scores  and  scores  on  laboratory  activities.  This  infcwma- 
tion  enabled  the  study  of  some  additional  relationships: 

4)  Is  lab  time  related  to  attitude  change?  Literacy  lab 
time  to  personal  use  attitude  change?  Pedagop'^  lab 
hours  to  school  use  attitude  change? 

5)  Is  lab  time  related  to  knowledge  change?  Literacy  lab 
time  to  literacy  knowledge  change?  Pedagogy  lab 
hours  to  pedagogy  knowledge  change? 

6)  Is  lab  time  related  to  course  grade? 

Population  and  Sampling 

The  subjects  of  this  study  were  undergraduate 
education  majors  enrolled  during  the  1992  summer 
semester  in  a  required  Computers  in  Education  Course  iii 
the  College  of  Education  at  the  University  of  South 
Florida.  This  non-traditional  course  uses  a  variety  of 
instructional  methods,  media,  and  settings.  The  typical 
student  is  a  senior,  with  mean  age  of  about  27.  The 
population  is  also  atypical  in  that,  Tampa,  the  location  of 
the  University,  is  an  urban  area.  For  additional  details,  see 
Trouunan  &  White  (1991.) 

Over  200  students  participated  in  the  study.  Comple- 
tion of  all  pretests  and  posttests  was  a  course  requirement. 
When  using  the  computer  lab,  each  student  was  also 
compelled  to  enter  a  unique  ID  and  to  use  a  password  to 
prevent  unauthorized  access.  Students  who  used  comput- 
ers outside  of  class  to  complete  course  assignments  were 


identified  and  eliminated  from  the  data  sample  since 
comparably  accurate  time-on-task  data  could  not  be 
acquired  for  them.  Owing  to  this  factor  and  to  other  forms 
of  attrition,  the  final  sample  size  was  reduced  to  163,  of 
which  140  were  female  and  23  male. 

Colleotion  of  *.LOG  Data 

The  development  of  instrumentation  and  method  was 
an  important  aspect  of  this  study.  It  was  important  that  the 
procedui'es  used  be  applicable  to  a  broad  range  of 
different  courses ...  not  just  c(xnputer  studies.  Since  a 
wide  variety  of  faculty  and  staff  might  be  using  these 
procedures  regularly,  the  means  for  collecting  data  and 
porting  it  to  other  applications  also  needed  to  be  very 
turnkey  in  nature. 

In  order  to  generate  usage  data,  ICLAS  applications 
were  instructed  to  log  data.  Later,  the  data  were  compiled 
with  the  'Tormat  Log  Data  for  Host"  option  on  the 
supervisor  menu.  This  created  a  fixed-field-length  ASCII 
file  named  CLSL0GUP.LOG  containing  the  sequence  of 
logon  records.  Table  1  describes  cheauthors'  interpreta- 
tion, based  on  examination  of  the  ♦.LOG  file,  of  the  fields 
in  each  record. 


Table  1 

Pascal  Record  Definition  for  ICLAS  MOG  Record 


LOGType  =  RECORD 

Teacher 

STRING  (10 3  ; 

Class 

STRING [6] ; 

User ID 

STRING  [10]  ; 

LoglnYr 

STRING [4] ; 

LoglnMo 

STRING [2] ; 

LoglnDay 

STRING [2] ; 

LoglnHr 

STRING [2] ; 

LoglnMin 

STRING[2] ; 

LogOutYr 

STRING (4 ] ; 

LogOutMo 

STRING(2] ; 

LogOutDay 

STRING [2] ; 

Logout Hr 

STRING(2] ; 

LogCXitMin 

STRING [2] ; 

Otherl 

STRING [87] ; 

AppUsed 

String [35] ; 

Other2 

STRING [120] 

END; 


The  fields  labeled  **Otherl"  and  **Other2"  are  probably 
space  allocated  for  usage  records  of  courseware  specifi- 
cally tailored  to  the  ICLAS  system. 

The  ICLAS  *.LOG  data  was  a  chronological  sequence 
of  logon  sessions.  For  example,  if  a  student  Jogged  on  and 
used  Microsoft  Works  1 1  limes  on  7  diffdrent  days  during 
the  semester,  it  caused  1 1  different  entries  throughout  the 
*.LOG  file.  It  is  possible  to  compile  this  data  with  a 
sequence  of  wordprocessor  edits  and  spreadsheet  manipu- 
lations, but  the  process  is  very  tedious,  error-prone,  and 
time-consuming.  For  this  study,  a  turn-key  utility  was 
developed  to  perform  the  process.  The  resultant  product, 
called  NETLOG,  allows  the  user  to  view  the  raw  ♦.LOG 
files,  compile  the  data,  arid  export  the  data  in  *.DIF 
format  for  spreadsheet  importation. 
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TEACHERCLASS     ID  APPLICATION 

TEACHERl  CLSl      CPUO      MS  Works  Version  2 

#LiOGS     HRS  FIRSTLOG  LASTLOG 

19  5.6  6/3/92  6/30/92 

A  typical  record  from  the  final  spreadsheet  file  of  the 
actual  daia  collected  for  this  study  (the  entire  file  is  1433 
records.  266  KB.)  Note  how  multiple  logons  were 
compiled  into  one  record.  The  only  data  lost  were  the 
actual  times  and  dates  of  the  individual  logon  sessions. 

Th#  Attitude  Change  Instrument 

The  attitude  instrument  (Troutman,  1991)  used 
consisted  of  two  measures:  the  Attittide  Toward  the  Uses 
of  Computers  in  Schooling  (ATSC)  and  the  Attitude 
Toward  Personal  Use  of  Computers  (ATPC).  The  ATSC 
scale  measured  attitudes  toward  the  general  use  of 
computing  in  school  environments  in  terms  of  percq)tion5 
of:  1)  the  potential  usefubess  of  computers  for  instruction 
and  management,  2)  the  feasibility  of  using  computers  in 
school  envbx)nments  for  instruction  and  management,  3) 
how  computers  mightenhance  affective  outcomes  in 
schooling,  and  4)  the  dependence  of  society  on  computer 
literate  citizenry.  The  ATPC  Scale  measured  altitudes 
toward  personal  use  of  computers  iu  terms  of  1)  useful- 


ness, 2)  interest,  3)  confidence,  and  4)  stereotyping  of 
computer  users.  The  51  items  on  these  measures  were  in  a 
Likat  format  with  responses  ranging  from  5  (strongly 
agree)  to  1  (strongly  disagree).  An  individual's  scoie  was 
the  mean  of  all  responses,  with  negatively-phrased  items 
transfomied  before  computation.  For  this  study,  attitude 
change  as  imported  as  the  difference  between  means  on 
pre-course  and  end-of-course  offerings  of  the  instrument 

The  Knowledge  Change  Instrument 

The  measure  of  knowledge  change  for  this  suidy  was 
the  difference  in  pretest  and  posttest  scores  on  a  multiple 
choice  test  developed  for  use  in  the  course.  This  instru- 
ment has  been  content  validated,  but  its  reliability  has  not 
yet  been  formally  assessed.  The  20-item  test  had  two 
subscores.  Ten  of  the  items  related  to  pedagogical  uses  of 
computers.  The  balance  of  the  items  fell  in  the  compute 
literacy  domain  and  were  considered  to  measure  general, 
non  education-specific,  knowledge  of  computers.  Overall 
scores  on  this  test  potentially  ranged  from  0  to  20,  with 
pedagogy  subscores  ranging  from  0  to  10  and  literacy 
subscores  ranging  from  0  to  10.  For  this  study,  change  in 
knowledge  was  reported  as  the  difference  between  pretest 
and  posttest  scores. 


Table  2 

Statistics  for  Major  Variables  (N=163) 


Mean 

Mode 

Median 

Min 

Max 

Stddev 

GPA 

3.265 

3.500 

3.300 

2.300 

4.000 

0.408 

GRADE 

90.574 

91.500* 

91.500 

72.500 

101.00 

5.945 

HRS 

7.347 

4.270* 

7.030 

1.180 

16.550 

2.612 

LHRS 

3.418 

5.000 

3.300 

0.000 

13.290 

1.600 

PHRS 

3.930 

3.550* 

3.670 

O.VOO 

8.530 

1.517 

AATT 

0.185 

0.314 

0.196 

-1.020 

3.039 

0.449 

PAATT 

0.192 

0.263 

0.158 

-1.368 

3.263 

0.561 

SAATT 

0.182 

0.000 

0.156 

-1.125 

2.906 

0.449 

AKNV' 

5.933 

5.000 

6.000 

-3  .COO 

13.000 

3.356 

LAKNW 

3.025 

2.000* 

3.000 

-3.000 

7.000 

2.160 

PAKNW 

2.908 

3.000 

3.000 

-2.000 

7.000 

1.862 

■Smallest  of  more  than  one  mode 
Key: 

HRS  =  Total  Lab  HoursSAATT  =  School  Attitude  Change 
LHRS  =  Literacy  Lab  HoursAK^W  =  Total  Knowledge  Change 
PHRS  =  Pedagogy  Lab  HoursLAKN  =  Literacy  Knowledge  Change 
AATT  =  Total  Attitude  ChangePAKNW  =  Pedagogy  Knowledge  Change 
PAATT  =  Personal  Atuttidc  Change 
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Results 

ICLAS  produced  a  1 .37  MB,  4882  record  *.LOG  file 
of  all  lab  aaivity  for  the  semester.  After  processing 
through  NETLOG,  this  data  was  reduced  to  a  234  KB 
*  JDBF  file.  The  total  processing  time  from  *.LOG  file  to 
*.DIF  file  was  less  than  sixty  seconds.  After  all  other 
experimental  information  was  entered  in  a  spreadsheet, 
the  file  was  ported  to  SPSS/PC  for  further  analysis. 
Statistics  for  all  the  major  experimental  variables  are 
presented  in  Table  2. 

Pearson  correlation  coefficients  were  computed  for  all 
major  variables  (se^  Table  3).  In  addition  to  these 
correlations,  T-tests  and  ANOVA  procedures  were 


conducted  on  the  major  variables  using  GENDER  and 
MAJOR/PROGRAM  (e.g.,  Elementaiy  EducaUon), 
respectively,  as  categorical  independent  variables.  The 
only  significant  finding  was  that  females  had  significantly 
higher  GPAs  than  males  (t=-2.23.  p=.027, 2-Tail,  N  of 
127  females  and  18  males  owing  to  missing  data.) 

Discussion 

Amount  of  Lab  Time 

The  mean  total  lab  time  per  student,  in  hours,  for  all 
course  applications  was  7.347  hours.  The  comparable 
means  for  computer  literacy  applications  and  pedagogical 
applications  were  3.418  and  3.930,  respecfively.  Although 


Table  3 

Pearson  Correlation  Coefficients  (N=163°) 


Level  of  Significance  (2-Taiied  p) 


GPA 

GRADE 

HRS 

LHRS 

PHRS 

cc 

GPA 

* 

.000 

.085 

.018 

.547 

oo 

GRADE 

.4736 

* 

.000 

.000 

.022 

re 

HRS 

.1434 

.2926 

* 

NA 

NA 

rf 

LHRS 

.1969 

.3071 

NA 

* 

.000 

ef 

PHRS 

.0504 

.1798 

NA 

.4041 

* 

li 

AATT 

.0199 

.1597 

.1554 

.1853 

.0722 

ac 

PAATT 

.0324 

.2674 

.2361 

.2568 

.1356 

ti 

SAATT 

.0080 

.0573 

.0730 

.1053 

.0146 

ie 

AKNW 

.2307 

.2278 

.1240 

.1329 

.0733 

on 

LAKNW 

.2628 

.2162 

.1291 

.1294 

.0859 

nt 

PAKNW 

.1059 

.1598 

.0736 

.0895 

.0324 

Level  of  Significance  (2-Tailed  p) 


AATT 

PAATT 

SAATT 

AKNW 

LAKNW 

PAKNW 

cc 

GPA 

.812 

.699 

.924 

.005 

.OOi 

.205 

00 

GRADE 

.042 

.001 

.467 

'  .003 

.006 

.042 

re 

HRS 

.048 

.002 

.355 

.115 

.100 

.350 

rf 

LHRS 

.018 

.001 

.181 

.091 

.100 

.256 

ef 

PHRS 

.360 

.084 

.854 

.352 

.275 

.681 

li 

AATT 

* 

NA 

NA 

.020 

.003 

.456 

ac 

PAATT 

NA 

* 

.000 

.038 

.011 

.425 

ti 

SAATT 

NA 

.6666 

* 

.031 

.004 

.560 

i  e 

AKNW 

.1822 

.1627 

.1687 

* 

NA 

NA 

on 

LAKNW 

.2323 

.1986 

.2224 

NA. 

* 

.000 

nt 

PAKNW 

.0588 

.0629 

.0460 

NA 

.3889 

* 

Tables  do  not  duplicate  data.  P  values  are  at  upper  right,corrclation  coefficients  are  at  lower  left. 
•Owing  to  missing  data,  N  for  all  correlations  to  GPA  is  145 
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logons  were  not  correlated  to  other  variables  in  this  study, 
they  were  observed.  The  me^m  number  of  logons  per 
student  was  13.202  overall  (3  mir  27  max),  6.196  for 
literacy  applications  (0  min,  21  max),  and  7.006  for 
pedagogical  applications  (2  min,  20  max).  These  averages 
differ  dramatically  from  student  reports  of  lab  usage.  Hiis 
information  is  already  proving  to  be  very  useful  in 
reshaping  course  parameters  and  student  expectations. 

Relc3tion  of  Lab  Time  to  Attitude  Change 

A  number  of  mild  relationships  were  observed  in  this 
area  Total  hours  and  literacy  hours  were  both  signifi- 
cantly related  to  change  in  total  attitude  and  change  in 
personal  attitude,  with  correlations  ranging  from  .1554  to 
.2568.  There  was  no  significant  relationship  between 
pedagogical  lab  hours  and  attitude  toward  school  uses,  or 
between  this  variable  pair  and  the  other  two  pairs. 

As  Troutman  (1991)  already  observed,  attitude  has 
tended  not  to  change  much  in  this  course.  Student 
teachers  tend  to  enter  the  course  with  positive  attitudes 
toward  technology,  so  there  is  not  much  room  to  improve. 
Even  in  this  context,  however,  these  findings  support  the 
report  of  Roblyer,  Castine,  and  King  (1988)  and  many 
others  that  the  act  of  using  computers  tends  to  improve 
attitudes  toward  them.  The  strongest  attitude  correlation 
(.2568)  was  observed  between  literacy  hours  and  change 
in  attitude  toward  personal  use.  This  observation  held  up 
under  a  post-hoc  regression  procedure  holding  the  effect 
of  CPA  constant  (F=5.309,  p=.0227.) 

The  lack  of  a  similar  significant  relationship  between 
pedagogical  lab  hours  and  altitude  toward  school  use  of 
computers  may  seem  curious  in  this  light.  However,  an 
individual's  beliefs  about  how  computers  can  or  should  be 
used  in  schools  is  probably  less  strongly  rooted  in  his  or 
her  specific  skills  with  computers  than  is  the  same 
individual's  beliefs  about  how  computers  can  or  should  be 
used  by  others.  If  this  is  true,  then  it  seems  that  the 
attitude  toward  school  uses  would  be  less  amenable  to 
change  through  the  acquisition  of  skills  through  practice. 

Relation  of  Lab  Time  to  Knowledge  Change 
As  inspection  of  table  5  indicates,  no  significant 
relationships  were  observed  among  any  of  the  lab  time 
and  knowledge  change  measures  or  submeasures.  These 
results  continued  to  occur  when  the  same  data  were 
analyzed  \ia  a  regression  procedure  that  held  GPA 
constant  (GPA  was  significantly  correlated  to  the  knowl- 
edge change  at  .2307,  p=.005).  This  lack  of  a  relationship 
between  knowledge  gain  and  lab  hours  may,  indeed, 
represent  a  validation  of  the  course  design.  The  knowl- 
edge gain  instrament  is  a  minimum  competency-based 
measure  and  so  it  has  a  low  ceiling.  Since  a  relatively 
unlimited  number  of  lab  hours  is  available  to  each 
student,  it  is  expected  that  all  motivated  students  are  able 


to  attain  the  same  level  of  performance. 

Relation  of  Lab  Time  to  Course  Grade 

Mild  relationships  occurred  between  lab  time  and 
course  grade.  All  three  measures  of  lab  time  were 
significanUy  correlated  to  course  grade  (p<=.022),  with 
correlations  ranging  from  .3071  to  .1798  (GPA  was  also 
significanUy  correlated  to  course  grade  at  .4736,  p=.000). 
The  seeming  discrepancy  between  the  fact  that  lab  hours 
and  course  grade  are  correlated  and  the  lack  of  a  correla- 
tion between  lab  hours  and  knowledge  change  may  be 
explained  by  the  fact  that  kiwwledge  growth  as  demon- 
strated on  Uie  pre-/posl-test  is  only  one  component  of  Uie 
course  grade.  The  relationship  between  lab  hours  and  die 
successful  completion  of  lab-based  assignments  and 
projects  (a  measure  used  in  computing  grades)  was 
probably  strong  enough  to  make  the  overall  GRADE/ 
HOURS  relationship  significant.  Nonetheless,  knowledge 
change  and  course  grade  were  significanUy  correlated  to 
one  anoUier  (.2278,  p=.003). 

Limitations.  Conclusions  &  Future  Research 

The  reader  is  cautioned  to  use  care  in  generalizing  any 
results  of  tiiis  sixiiy  related  to  the  knowledge  change 
instrument  That  test  has  not  yet  been  validated  or  judged 
reliable.  Also,  as  discussed  above,  any  inferences  made 
about  such  results  must  also  take  into  account  die  low 
ceiling  on  the  exam.  In  generalizing  from  this  population, 
it  is  notable  that  data  were  collected  during  die  summer 
session.  Even  for  our  college,  Uiis  sample  was  probably 
not  a  fair  representation  of  the  larger  population.  For 
example,  very  few  physical  education  majors  (normally  a 
large  clientele)  were  enrolled. 

Probably  die  most  striking  finding  is  tiiat,  altiiough  die 
general  literature  is  supported  in  that  using  computers 
tends  to  change  attitudes  towardcomputers,  diis  fmding 
does  not  extend  to  changing  prospective  teachers' 
attitudes  about  school  uses  of  computers.  Possibly  this 
difference  reflects  the  difference  between  what  teachers 
will  say  about  how  computers  can  or  should  be  used  in 
schools,  and  what  school  uses  they,  personally,  are 
prepared  to  defend  or  to  implement.  This  finding  is 
important  because  teacher  attitude  change  toward  technol- 
ogy is  often  cited  as  an  important  outcome  of  introductory 
computer  courses.  Possibly  the  designers  of  such  courses 
should  focus  on  cognitive  outcomes  instead. 

Whatever  the  results  of  Uiis  study,  an  important  aspect 
of  it  has  been  the  use  of  a  means  for  objective,  unbiased 
measure  of  student  time  using  computers.  In  every  other 
study  diat  die  authors  were  able  to  locate,  such  data  were 
either  subject-reported  or  reported  by  aniHher  human 
observer.  The  NETLOG  program  developed  for  tiiis  study 
has  illustrated  how  to  compile  such  data  from  ICLAS 
systems.  A  disadvantage  of  this  technique  was  diat 
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valuable  data  were  lost  from  students  who  woiked  at 
home.  Surely  this  missing  data  influenced  the  results  of 
the  study. 
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Introduction 

As  computers  and  related  technologies  become 
increasingly  woven  into  nearly  every  aspect  of 
daily  life,  it  is  only  natural  to  expect  that  they 
would  become  an  integral  part  of  the  educational  system 
as  well.  The  pranises  of  yesteryear  indicated  that 
computers  would  revolutionize  education  and  produce 
generations  of  technologically  literate  independent 
thinkers  required  for  transformation  into  the  Infonnation 
Age.  Seymour  Papert  suggests  these  two  theses  in  his 
introduction  to  Mindstorm  (1980):  **...The  computer 
presence  will  enable  us  to  so  modify  the  learning  environ- 
ment outside  the  classrooms  that  much  if  not  all  the 
knowledge  schools  presently  try  to  teach  with  such  pain 
and  such  expense  and  such  limited  success  will  be  learned 
as  the  child  learns  to  talk,  painlessly,  successfully,  and 
without  organized  instruction."  (p.  9).  '^Vhile  not  advocat- 
ing the  abolition  of  schools,  he  was  suggesting  that 
schools  must  be  able  to  adapt  in  form  and  function  to  a 
rapidly  changing  technological  world. 

Yet  today,  twelve  years  later,  in  many  schools 
integration  of  the  computer  into  the  classroom  has  been 
minimal,  characterized  by  limited  use  of  the  technology 
as  an  add-on  rather  than  as  integral  to  teaching  and 
learning  (Zapfone,  1991)  The  overall  effect  appears  to  be 
merely  a  ripple  on  the  surface  of  the  system  while 
education  continues  as  it  has  for  the  past  several  decades. 

One  problem  is  that  the  growth  of  computer  usage  by 
the  schools  was  neither  preceded  nor  accompanied  by  a 
plan;  the  past  ten  years  or  more  have  been  an  age  of 
experimentation.  To  compound  this  problem,  the  techno- 
logical horizons  are  moving  so  fast  that  today's  tech- 
niques and  even  today's  concerns  are  often  outmoded  by 
;omorrow.  Many  teachers,  while  being  bombarded  with 
promises  of  tomorrow's  technology,  are  still  struggling  to 
make  efficient  and  effective  use  of  yesterday's  hardware 
and  software.  Current  practice  is  rooted  in  the  limitations 
of  these  older  resources  and  in  lack  of  training. 

In  more  recent  years,  an  emphasis  has  been  on  the  use 
of  the  computer  as  a  tool  to  achieve  curricular  objectives. 
The  development  of  Integrated  Learning  Systems  (ILS), 
beginning  with  early  systems  such  as  Plato,  has  exploded 
with  the  introduction  of  multimedia  technology.  Cer- 
tainly, newer  hypermedia  technology  has  potential,  but 
even  more  tra^Utional  software  can  be  integrated  into 
classroom  practice.  The  most  often  cited  barriers  to  this 
integration  are  lack  of  resources,  and  lack  of  training 
(OTA,  1988;  Knupfer,  1989). 

Approaches  to  teaching  are  generally  modeled  after 
those  teaching  styles  observed  and  experienced.  Teachers 
tend  to  teach  as  they  were  taught,  modified  by  experi- 
ences in  the  pre-service  education  curriculum.  With 
respect  to  computer  integration,  few  teachers  used 
technology  in  their  own  collegiate  education,  let  alone 
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pre-collegiate  education.  Casual  observation  suggests  that 
the  level  of  computer  sophistication  of  faculty  members  in 
many  education  departments  is  not  much  better. 

According  to  the  report  Power  ON!  from  the  Congres- 
sional Office  of  Technology  Assessment  (OTA,  1988), 
only  one-third  of  the  nation*s  teachers  have  bad  as  much 
as  ten  hours  of  computer  training.  Most  of  this  training 
has  been  about  computers  rather  than  about  how  to  teach 
with  computers.  The  response  from  teachers  has  been  that 
this  type  of  training  leaves  them  with  an  overwhehning 
realization  of  the  necessity  to  learn  more. 

While  access  to  resources  and  braining  have  been 
considered  necessary  for  integration  of  computers  into 
teaching  and  instruction,  support  is  a  third  element  that  is 
often  overlooked.  In  this  respect,  administrative  support  is 
the  key  to  access  and  training  (Jongejan,  1990).  Another 
type  of  support  often  lacking  is  follow-up  support  beyond 
initial  training  periods  (Hall  &  Hord,  1987). 

Project  CHOICE:  Curricular  Help  On  Integrating 
Computers  In  Education 

Recognition  of  the  importance  of  trainuig,  support, 
and  resources  to  the  integration  of  computers  into  the 
curriculum  was  the  cornerstone  of  the  Projea  CHOICE 
design  (Bauder,  Planow,  &  Sanier,  1990)  The  two  year 
program  was  offered  at  the  State  University  of  New  York 
Institute  of  Technology  at  Utica/Rome,  beginning  in  June, 
1990.  It  was  funued  through  a  grant  from  the  U.S. 
Department  of  Education's  Office  of  Educational  Re- 
search and  Improvement  through  the  secretary's  Fund  for 
Innovation  Program  (PR/Award  #  R215A92073). 

This  comprehensive  program  aimed  to  help  teachers 
acquire  the  skiDs  necessary  to  integrate  the  use  of  the 
computer  into  the  curriculum  and  to  ensure  that  resources 
and  support  would  be  available  as  necessary.  To  do  so, 
the  project  went  beyond  the  traditi(Hial  inservice  training 
workshop. 

Central  to  the  project  was  the  development  of  four 
graduate  level  courses  for  teachers  and  the  provision  of 
software  and  related  hardware  (interface  boards)  to  toeir 
schools.  For  the  first  year  of  the  project,  courses  were 
designed  using  software  based  on  the  Logo  progranuning 
language  (LEGO  Logo  and  LogoWriter).  The  primary 
reason  for  this  choice  was  that  these  products  can  be  used 
for  a  wide  range  of  grade  levels*  subject  areas,  and 
teaching  methods.  Also,  the  products  chosen  are  available 
for  the  type  of  equipment  most  commonly  found  in 
today*s  schools,  and  do  not  require  extensive  retraining  to 
adjust  from  one  platform  to  another.  For  the  second  year 
of  the  project,  a  course  using  a  presentation  graphics 
package  and  video  output  capability  was  added. 

Support  for  the  teachers  was  two-fold.  The  two-week 
intensive  summer  courses  were  augmented  by  follow-up 
meetings  during  the  school  year  and  by  on-site  visits  by 


the  Project  CHOICE  team.  These  facets  of  the  program 
gave  participants  the  opportunity  to  share  experiences  and 
coiKenis  with  each  other  and  with  project  staff. 

School-based  support  for  the  project  was  also  impor- 
tant. Participating  teachers  were  selected  through  a 
process  that  reqiured  signatures  of  support  from  adminis- 
trators and  union  leaders  (where  teachers  were  repre- 
sented by  a  union).  This  ensured  that  teachers  would  be 
given  release  time  to  attend  follow-up  meetings,  and 
would  be  allocated  resources  and  time  to  field  test  lessons 
and  materials  developed  through  the  project. 

Teachers  were  expected  to  develop  and  test  at  least 
one  lesson  using  the  software  and  to  offer  inservice 
training  in  their  home  districts  or  through  the  local  teacher 
center.  No  specific  requirements  for  inservice  training 
were  given  as  this  is  often  a  locally  controlled  contractual 
agreement. 

In  the  first  year  of  the  project,  June,  1990  through 
June,  1991, 36  teachers  in  34  different  schools  represent- 
ing  24  districts  participated.  Teachers  represented  nearly  . 
all  grade  levels  and  subject  areas  and  came  from  a  100 
mile  radius  of  Utica,  although  most  were  from  the  Utica/ 
Rome  area.  Thirteen  teachers  were  enrolled  in  the  LEGO 
LCXjO  course  and  23  took  the  LogoWriter  course. 

June  1991  began  the  second  year  of  the  project  with 
forty-two  teachers  representing  over  thirty  districts.  Seven 
of  those  teachers  had  also  participated  in  the  first  year  of 
the  project. 

Methodology 

A  pre-  and  posttest  questionnaire  wiis  developed  to 
measure  teachers'  attitudes  towards  the  educational  use  of 
computers,  their  own  perceived  comfort  and  knowledge 
levels,  and  their  perceptions  of  the  level  of  support  and 
planning  in  their  districts.  The  questionnaire  was  adminis- 
tered to  teachers  at  the  beginning  of  their  participation  in 
June  of  1990  or  June  of  1991,  and  again  at  the  end  of  their 
year  of  participation  (May  1991  or  May  1992). 

Participant  attitudes  were  measured  by  reaction  to 
eighteen  statements  along  three  dimensions:  (a)  general 
attitudes  with  respect  to  ccMnputer  use,  (b)  level  of 
comfort  with  respect  to  computer  use,  and  (c)  perception 
of  their  skill  level.  Statements  were  both  positive  and 
negative  to  detect  response  biases  and  responses  were 
coded  on  a  directed  nine  point  scale.  Twenty-nine  of  36 
participants  in  the  fust  year  and  28  of  40  participants  in 
the  second  year  completed  both  the  pre-  and  post-test 
questionnaires. 

Since  a  central  premise  of  Project  CHOICE  was  that 
attitudes  would  be  altered  as  a  result  of  participation, 
analysis  of  each  item  necessitated  excluding  cases  in 
which  the  participant  indicated  the  most  favorable 
outcome  for  an  time  on  the  pre-test.  Thus,  for  example,  a 
participant  who  indicated  complete  agreement  with  the 
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statement  "All  teachers  should  be  skilled  users  of  miao- 
computers**  would  be  removed  from  analysis  of  that  item, 
since  it  was  not  possible  to  improve  the  score  of  a 
respondent  already  at  the  ceiling.  The  remaining  pool  of 
respondents  were  included  in  t-test  analyses  using  paired 
samples. 

Results 

Seven  of  the  questions  probed  general  attitudes  with 
respect  to  computer  use.  Typical  of  this  group  were 
statements  like  "Microcomputers  are  important  pedagogi- 
cal tools**,  "Microcomputers  can  assist  the  teacher  in 
accomplishing  a  wide  variety  of  educational  tasks'*,  and 
"All  teachers  should  have  a  microcomputer  in  their 
classrocwi'*.  On  all  of  these  items,  no  significant  change 
was  observed  in  at  least  one  of  the  two  years,  and  the 
pattern  was  inconsistent  This  lack  of  change  was  not 
unexpected,  as  the  selection  process  began  with  self- 
nomination  by  the  teachers  within  their  own  school 
district.  The  participants  would  not  have  been  likely  to 
become  involved  in  this  type  of  project  unless  they 
already  felt  that  computers  were  worthwhile  tools.  Once 
the  participants  were  nominated,  they  had  to  be  endorsed 
by  their  administration  and  by  the  bargaining  agent  If 
either  of  these  did  not  feel  that  a  potential  participant  was 
appropriately  motivated^  it  is  not  likely  that  the  nominee 
would  have  been  granted  the  necessary  support  by  the 
school  district  to  participate  in  the  program. 

Two  of  the  questions  dealt  with  participants'  ccxnfort 
with  respect  to  computer  use.  On  the  first,  "In  general  I 
feel  comfortable  using  microcomputers  to  accomplish 
educational  goals/objectives,  12  of  the  29  respondents  in 
year  one  and  10  of  the  28  respondents  in  year  two 
indicated  complete  agreement  with  the  statement.  The 
degree  of  change  in  the  remaining  participants  was  not 
significant  in  the  first  year,  and  was  significant  at  the  .01 
level  in  the  second  year.  Again,  the  selection  process 
caused  only  those  with  a  fair  amount  of  comf(Mt  using  the 
computer  to  participate.  The  other  question  asked  the 
participants  to  compare  their  comfort  level  with  those  of 
their  peers.  The  change  in  this  item  was  significant  (p  < 
.01)  in  both  years.  This  change  could  be  seen  as  a  result  of 
the  multiple  facets  of  Project  CHOICE.  The  intensive  two 
week  summer  course  was  a  major  catalyst.  It  was  de- 
signed to  involve  more  than  45  hours  of  hands-on 
training — an  amount  that  far  exceeds  the  usual  inservice 
course  offerings.  In  addition,  the  project  team  served  as  a 
support  group  for  the  participants  once  they  went  back  to 
their  school  districts.  The  team  answered  questions  over 
the  phone  and  went  on  site  to  solve  problems  when 
necessary.  While  not  many  of  the  participants  took 
advantage  of  the  support,  several  expressed  a  sense  of 
security  that  it  existed.  The  follow-up  sessions  held 
throughout  the  school  year  also  gave  participants  a  chance 


to  ask  questions  and  get  help  if  needed. 

The  third  dimension  of  the  questionnaire,  consisting  of 
seven  items,  was  concerned  with  participants*  perception 
of  their  own  microcomputers  skills.  By  far  the  most 
concrete  of  the  three  dimensions,  skill  level  is  also  the 
most  easUy  altered.  It  was  in  this  dunension  that  Projea 
CHOICE  scored  its  most  notable  and  consistent  suc- 
cesses. Typical  items  in  this  area  were  "I  am  not  knowl- 
edgeable enough  about  miaocomputers  to  make  effective 
use  of  them  in  the  classroom",  "When  I  face  a  new 
educational  problem  or  task,  I  have  sufficient  knowledge 
to  integrate  the  microcomputer  in  the  accomplishment  of 
the  task**,  and  I  know  enough  about  microcomputers  to 
teach  others  in  my  school/district."  With  the  ceiling  effect 
again  controlled  for,  significant  results  (p  <  .05)  were 
achieved  on  six  of  the  seven  items  in  both  years. 

Changes  in  this  dimension  are  most  likely  to  be  associated 
with  the  intensive  summer  course  and  foUow-ip  suHXxt 
Aiiother  possible  component  is  that  of  access,  botti  for  teaching 
and  for  pcepaiation.  Partkipation  in  tiK  program  requited  to 
teachers  be  given  suflScient  resources  to  incorporate  materials 
devek^  into  classroom  use.  For  some,  this  meant  regular 
access  U)  computers  in  the  classiX)om  or  lab  for  the  to  time, 
additkxi,  responding  to  feedback  from  first  year  partk:ipants,  the 
Projea  CHOICE  staff  facilitated  summer  k)ans  of  computers 
fixin  districts  for  second  year  partkipants.  This  enaWed 
partkipants  to  continue  woridng  throughout  the  summer  and 
not  lose  the  momenmm  of  the  intensive  course. 

The  sole  item  on  which  significant  changes  did  not 
occur  was  "When  I  use  a  microcomputer  in  the  classroom, 
it  usually  because  someone  else  has  shown  me  how  to  do 
it**  Teachers  may  attribute  their  own  growth  in  skill  level 
to  the  course  work  and  to  experiences  shared  with  peers 
during  the  follow-up  sessions. 

Project  CHOICE  was  effective  in  raising  the  skill 
levels  of  participants.  The  assumption  that  they  would 
bring  to  the  program  positive  attitudes  and  a  relative  level 
of  comfort  in  using  computers  was  substantiated.  Because 
these  participants  were  sophisticated,  having  had  consid- 
erable ex|)erience  in  computer  usage,  it  is  not  surprising 
that  attitudes  and  comfort  level  did  not  change  aH)recia- 
bly.  As  participants  were  exposed  to  new,  integrative 
computer  activities,  and  as  their  skill  levels  were  en- 
hanced, our  evidence  suggests  that  they  discerned  distinct 
performance  differences  between  colleagues  using 
computers  and  those  who  did  not.  Furthermore,  all  three 
items  calling  for  peer  comparisons  showed  increases  in 
participants*  perceived  competency  relative  to  their  peers. 
The  change  literature  suggests  that  the  full  impact  of 
intervention  programs  will  not  be  inunediately  evident. 
Work  in  progress  will  examine  diffusion  patterns  in  the 
participants*  schools  and  will  relate  theia  to  teachers* 
perceptions  of  conditions  associated  with  technological 
change. 
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Research  on  educational 
telecomputing: 
Collecting  data  via 
computer 

Susan  E.  Anderson 
Texas  Christian  University 


T0lecomputing  Systoms  and  Teoch0r  Education 

According  to  John  Clement  (1992),  director  of 
EDUCOM's  K-12  Networking  Projea,  there  has 
been  significant  growth  in  the  number  of 
educators  with  access  to  educational  telecomputing 
networks  (e.g.,  electronic  mail,  bulletin  board,  and 
computer  conferencing  systems),  as  well  as  growth  in  the 
number  and  quality  of  such  netwcKked  educational 
resources.  Of  particular  importance  is  the  increased 
number  of  K-12  educators  with  access  to  the  Internet,  a 
collection  of  hundreds  of  interconnected  national, 
regional,  and  campus  computer  networks  which  obey  a 
common  communications  protocol  (Arms,  1991), 
Clement  estimates  that  the  number  of  K-12  educators  with 
access  to  the  Internet  will  surpass  50,(X)0  by  mid-1993. 
The  addition  of  K-12  teachers  (and  students)  to  the 
Internet,  which  already  Hnks  most  major  universities, 
signifies  the  beginnings  of  the  formation  of  "a  seamless 
computing  network  extending  from  kindergarten  through 
graduate  school"  (Bull  &  Anderson,  1991,  p.  108). 

S  uch  a  networic  has  imi^icatk)ns  for  pceservice  and 
inservice  teacher  education  and  professkxialdevekipment  It 
can  increase  o(qxxtunities  for  interaction  and  coU^^ 
among,  and  ultimately  develofment  of  communities  of,  K-12 
teacbm,p[eservk:e  teachers,  and  teacher  educators.  Also, 
telecomputing  may  be  used  in  education  courses  as  a  means  of 
instmctional  delivety,  as  a  vehicle  for  interaction  among 
students  and  instructors,  and  as  a  topic  of  instniction.  In 
ackiition,  it  may  be  used  to  provide  support  for  fieki  experi- 
ences, student  teaching,  and  the  induction  of  first  year  teachers. 

The  increase  in  the  availability  and  use  of 
telecomputing  networks  in  education  raises  numerous 
issues  about  how  they  can  best  be  implemented,  how  they 
can  be  effectively  applied,  how  positive  outconr.es  can  be 
facilitated,  and  how  negative  outcomes  can  be  avoided. 
Researchers  may  be  interested  in  finding  answers  to 
questions  such  as:  How  and  why  do  educators  use 
networks?  What  factors  are  associated  with  network 
usage?  What  are  the  positive  and  negative  outcomes  of 
network  use?  What  factors  affect  such  outcomes? 


Teieconoputing  Systems  and  the  Research 
Process 

According  to  Rogers  (1986),  new  communication 
technologies  such  as  computer-mediated  conununication 
systems  affect  research  methods  in  two  ways:  they  make 
possible  the  study  of  new  research  problems,  requiring 
modifications  in  existing  research  methods  or  use  of  new 
methodologies,  and  they  allow  new  methods  of  gathering 
and  analyzing  data.  Telecomputing  systems  can  be  used 
to  initiate  data  collection  (e.g.,  administer  online  surveys 
or  experiments)  as  well  as  to  unobtrusively  monitor  usage 
behavior.  In  this  way,  the  medium  itself  is  used  as  a 
vehicle  for  studying  its  use. 
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System  as  Initiator 

Electronic  surveys  have  been  found  to  be  an  effective 
means  of  collecting  data  In  general,  return  rates  have 
been  comparable  to  or  somewhat  lower  than  those  for 
face-to-face  interviews  or  mailed  questionnaires.  Sproull 
(1986)  found  no  significant  difference  between  the 
participation  rate  in  an  electronic  mail  survey  (73%)  and 
that  for  face-to-face  interviews  (87%)  v/ith  experienced 
electronic  mail  users  in  a  business  setting.  Similarly, 
Kiesler  and  Sproull  (1986)  obtained  a  response  rate  of 
67%  for  an  electronic  survey  and  75%  for  a  paper-and- 
pencil  survey  with  active  electronic  mail  users  who  were 
stude  s  faculty,  and  staffat  a  private  university.  Also, 
Rafaeli  (1986)  obtained  a  response  rate  of  48%  for  an 
online  survey  and  82%  for  an  identical  mailed  survey 
conducted  in  a  university  setting.  Computer-monitored 
data  indicated  that  the  low  response  rate  could  be  attrib- 
uted to  the  fact  that  many  users  did  not  read  their  elec- 
tronic mail  during  the  survey  period. 

System  as  Monitor 

Most  telecomputing  systems  routinely  collect  usage 
data,  such  as  the  frequency  and  duration  of  online 
sessions,  for  maintenance  or  accounting  purposes.  Usage 
data  collected  by  a  computer  system  is  typically  more 
accurate  and  reliable  than  self-reported  usage  data,  which 
has  been  shown  to  vary,  sometimes  considerably,  from 
actual  behavior  (Bernard,  1984;  Rice,  1990;  Rice  & 
Shook,  1988).  Only  moderate,  but  nevertheless  signifi- 
cant correlations  have  been  found  between  self-reported 
and  computer-monitored  usage  data  for  frequency  of  log- 
ons (r  =  .29,  Ettema,  1985)  and  amount  of  connect-time  (r 
=  ,38,  Rice  &  Shook,  1988). 

Although  it  may  be  more  reliable,  computer-moni- 
tored data  is  not  necessarily  more  valid  (Rice,  1990;  Rice 
&  Shook,  1988).  For  example,  amount  of  connect-time 
does  not  indicate  whether  a  system  has  been  actively 
used.  Both  frequency  and  duration  data  may  be  influ- 
enced by  whether  one  can  maintain  an  idle  connection  to 
the  system  or  must  log-out  (or  be  disconnected)  after  a 
certain  amount  of  time.  In  addition,  users  with  greater 
system  experience  may  compose  iheir  messages  offline 
and  then  upload  the  content,  thus  seeming  to  use  the 
system  for  less  time  than  they  actually  do  (Harasim, 
1987). 

An  Illustration:  The  Free-Net  Study 

A  methodology  for  using  a  telecomputing  system  for 
data  collection  was  developed  and  tested  in  a  study  of 
factors  related  to  usage  of  a  community  telecomputing 
system  known  as  the  Cleveland  Free-Net.  Data  was 
collected  by  using  the  Free-Net's  electronic  mail  system 
to  transmit  a  72-item  survey.  In  addition,  computer- 
monitored  data  was  used  to  develop  the  sampling  frame. 


to  determine  the  number  of  people  who  actually  received 
the  survey,  to  compare  the  usage  rates  of  respondents  and 
non-respondents,  and  to  compare  self-repofted  and 
computer-monitored  measures  of  amount  of  system 
usage. 

Sannpling 

Computer-monitored  data  was  used  to  generate  the 
sampling  frame,  from  which  a  sample  of  600  was 
randomly  selected.  The  Free-Net  system  operator 
provided  log  files  containing  the  user  ID,  date,  time,  and 
length  of  each  session  over  a  two- week  period  immedi- 
ately prior  to  the  survey  mailing.  From  these  files,  a  list 
of  the  user  IDs  of  people  who  had  logged  onto  Free-Net  at 
least  once  during  the  two-week  period  was  derived.  The 
random  sample  of 600  user  IDs  was  drawn  from  the 
sampling  frame  of  4887  user  IDs  by  using  the  Statistical 
Package,  for  the  Social  Sciences'  (SPSS)  "SAMPLE" 
command. 

Procedures 

Initial  mailing.  Procedures  for  administering  the  e- 
mailed  surveys  were  adapted  from  Diiiman's  (1978) 
*Total  Design  Method"  (TDM)  for  mailed  surveys.  A 
cover  letter  and  a  72-item  questionnaire  was  sent  to  600 
individuals  via  electronic  mail.  Although  it  would  have 
been  much  quicker  to  mass  mail  the  surveys  (by  including 
multiple  e-mail  addresses  on  the  address  list  of  a  single 
message),  the  messages  were  instead  sent  individually  in 
order  to  personalize  the  survey.  Each  person's  first  name 
v/as  typed  into  the  greeting  of  a  cover  letter  which 
introduced  the  questionnaire  and  attempted  to  motivate 
individuals  to  respond.  Macros  were  used  to  speed  the 
process.  Nevertheless,  the  initial  mailing  took  about  12 
hours. 

In  accwdance  with  standard  procedures  for  protection 
of  human  subjects,  survey  recipients  were  informed  that 
their  participation  was  voluntary  and  that  they  could 
notify  the  researcher  at  any  time  if  they  did  not  want  to  be 
contacted  again.  They  were  also  told  that  their  responses 
would  be  kept  confidential.  One  problem  with  e-mailed 
responses  is  that  they  cannot  be  anonymous  because  the 
sender's  name  and  user  ID  are  automatically  attached  to 
every  message  he  or  she  sends.  Thus,  when  completed 
surveys  were  received,  identifying  information  was 
separated  from  responses  and  replaced  with  a  random  ID 
number. 

Directions  for  several  methods  of  completing  and 
returning  the  survey  were  provided  at  the  beginning  of  the 
instnunent.  So  that  users  without  the  technical  expertise 
needed  to  complete  the  survey  electronically  were  not 
excluded,  they  were  given  an  opportunity  to  request  that  a 
survey  be  sent  to  them  by  postal  mail.  Options  for 
responding  to  the  survey  included: 
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1 .  Using  an  online  editor  (e.g.,  Emacs  or  VI)  to  edit  in 
answers  and  returning  the  survey  via  e-mail. 

2.  Downloading  the  fonn.  editing  in  responses  using  a 
word  processor,  uploading  the  completed  fomi,  and 
retuming  it  via  e-mail. 

3.  Mnting  out  the  survey,  then  reading  the  questions 
from  the  printout  while  directly  entering  the  number  of 
each  question  followed  by  a  response  in  an  e-mail 
message. 

4.  Mnting  out  the  survey,  writing  in  the  answers,  and 
returning  it  via  postal  mail. 

5.  Requesting  that  a  paper  copy  of  the  survey  and  a 
stamped  return  envelope  be  sent  via  postal  mail,  then 
writing  in  responses  and  returning  the  survey  using  the 
envelope  provided. 

Overall,  these  directions  seemed  to  work  well. 
Occasional  problems  included  garbled  responses  and  parts 
missing  from  the  survey,  most  likely  due  to  technical 
problems  or  using  a  method  without  fully  understanding 
how  to  do  it  properly  (e.g.,  not  knowing  that  a  file  to  be 
uploaded  must  first  be  saved  as  an  "ascii"  file).  These 
problems  might  have  been  reduced  by  encouraging 
respondents  to  request  a  conventional  paper  survey,  which 
did  not  require  any  technical  skills  to  complete. 

Follow-ups,  According  to  Dilhnan  (1978),  without 
follow-up  mailings,  response  rates  would  be  less  than  half 
those  normally  attained  using  TDM.  Each  follow-up 
mailing  served  as  a '  Hinder  to  non-respondents  and  used 
a  slighdy  different  approach  and  successively  stronger 
appeals  for  the  return  of  the  survey.  As  with  the  initial 
mailing,  the  follow-up  messages  were  sent  individually 
and  each  person's  first  name  was  typed  into  the  greeting 


of  the  message. 

Dilhnan  (1978)  reconunended  that  follow-ups  be  sent 
at  one,  three,  and  seven  weeks  fiom  the  initial  survey 
mailing  date.  However,  because  there  is  essentially  no 
delay  in  transmitting  electronic  surveys  (and  because  of 
external  tune  constraints  imposed  upon  the  researcher), 
the  time  interval  between  follow-up  messages  was 
shortened  to  approximately  one  week  intervals.  Negative 
feedback  from  some  participants  suggested  that  some  of 
them  felt  they  were  being  unduly  rushed.  (Conversely, 
other  respondents  apologized  for  delaying  their  response!) 
Thus,  a  slightly  longer  interval  (perhs^s  one,  two,  and 
three  weeks,  respectively)  should  probably  have  been 
employed. 

Data  Coding,  One  of  the  advantages  of  electronically 
administered  questionnaires  is  that  they  allow  all  or  part 
of  the  data  coding  to  be  automated.  Surveys  in  which 
respondents  edited  in  their  responses  could  usually  be 
coded  by  computer,  whereas  others  had  to  be  coded  by 
hand  in  the  usual  manner.  Responses  to  q^en-ended 
questions  also  had  to  be  hand-coded  (cutting  and  pasting 
from  one  file  to  another  worked  well  for  e-mailed 
responses,  whereas  written  responses  had  to  be  nnanually 
transcribed).  Although  the  autcnnated  process  did  not 
work  perfectly  and  could  not  be  used  with  all  of  the 
surveys  or  for  all  of  the  responses,  it  did  save  a  consider- 
able amount  of  time  and  labor. 

To  allow  automated  coding,  respondents  who  chose  to 
edit  in  their  answers  to  the  survey  were  directed  to  place 
their  answers  after  a         prompt  Each  completed 
survey  was  saved  as  a  separate  file.  A  computer  program 
was  written  to  exuact  the  infomation  after  all  the 
prompts  in  each  file  and  place  it  in  another  data  file  in  a 


Table  1 


Procedure 

Date 

#  Returned 

% 

Surveys 
Sent" 

Returned 

Surveys 
Received** 

Survey  mailing 

5/27-8 

93 

16% 

19% 

1st  follow-up 

6/02 

114 

19 

24 

2nd  follow-up 

6/09 

65 

11 

13 

3rd  follow-up 

6/17 

48 

8 

10 

Total  by  7/17' 

320 

53 

66 

'N  =  600.  ""n  =  483.  Ten  more  surveys  were  received  after  this  deadline,  but  were  not  included  in  the  analysis. 
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fonnat  that  could  be  processed  using  SPSS.  Data  that  was 
coded  in  this  manner  was  checked  carefully  and  errors 
were  corrected  by  hand.  The  most  common  source  of 
error  was  answers  that  were  not  placed  to  the  right  of  the 

prompt  (e.g.,  on  the  line  above  or  below  the 
prompt). 

Results 

Response  rate.  Rather  than  calculating  the  percentage 
of  the  total  sample  that  returned  completed  surveys,  the 
response  rate  was  calculated  by  determining  the  percent- 
age of  the  sample  that  had  reacl  electronic  mail  during  the 
survey  period  who  returned  completed  surveys.  Thus, 
unmade  contacts  were  excluded  from  consideration. 
According  to  Dillman  (1978),  this  piocedure  is  I'requently 
used  and  provides  a  more  direct  indicator  of  a  method's 
response-inducing  capabilities. 

Three  hundred  and  twenty  people  completed  the 
questionnaire  (78%  of  these  were  returned  via  electronic 
mail  and  the  rest  were  returned  via  conventional  mail). 
Computer-monitored  data  provided  by  the  Free-Net 
operators  indicated  that  1 17  of  the  600  people  who  were 
sent  questionnaires  did  not  read  their  electronic  mail 
during  the  survey  period.  Thus,  the  response  rate  based 
upon  the  number  of  users  who  actually  received  the 
survey  was  66%. 

As  shown  in  Table  1,  the  majority  of  the  completed 
surveys  were  returned  within  the  first  two  weeks  after  the 
initial  survey  mailing.  Each  follow-up  was  successful  in 
drawing  additional  responses,  with  the  earlier  follow-ups 
drawing  more  responses  than  the  later  ones.  Overall,  the 


data  collection  process  proceeded  relatively  quickly, 
lasting  approximately  two  months  in  total. 

Response  bias.  Comparisons  were  made  between 
respondents  and  non-respondents  using  the  computer- 
monitored  data  from  the  log  files  for  the  two-week  period 
prior  to  survey  mailing.  These  comparisons  indicated  that 
respondents  were  more  likely  to  use  the  system  more 
often  and  for  more  time  than  were  non-respondents.  As 
shown  in  Table  2,  there  were  significant  differences 
between  respondents  and  non-respondents  for  the  total 
number  of  log-ons,  average  session  length,  and  total 
amount  of  time  spent  online  during  the  two- week  period. 

Comparisons  were  also  made  among  surveys  returned 
during  four  different  time  periods.  The  rationale  for  this 
analysis  was  that  late-respondents  would  be  similar  to 
non-respondents.  Thus,  by  extrapolation,  significant 
differences  among  groups  based  upon  the  survey  return 
date  suggested  possible  differences  between  respondents 
and  non-respondents.  Significant  differences  among  the 
four  groups  were  found  for  system  accessibility  (F= 6.39, 
p  <  .001),  as  well  as  for  frequency  of  log-ons  (F  =  4.20,  p 
<  .01).  Those  who  returned  the  survey  within  one  week 
of  the  survey  mailing  were  more  likely  to  perceive  the 
system  as  being  easy  to  access  than  were  those  who 
returned  the  survey  later.  Thus,  it  is  probable  that  non- 
respondents  were  also  more  likely  to  perceive  the  system 
as  mwe  difficult  to  access  as  well  as  to  log-on  less 
frequently  than  were  those  who  did  return  the  survey. 

Accuracy  of  usage  data.  Comparisons  were  made 
between  comprjter-monitored  data  from  the  log  files  for 
the  two  weeks  prior  to  survey  mailing  and  self-reported 


Table  2 

Descriptive  Statistics  and  t-tests  for  Computer-Monitored  Usage  by  Respondents  and  Non- 
respondents 


 Mean  SD  t  

Log-on  frequency 

Respondents'  16.54  26.01 

Non-respondents*"  7.39  12.99  -5.54       <  .001 

Session  length 

Respondents  19.08  23.03 

Non-respondents  14.69  14.04  -2.85  .004 

Total  duration 

Resix)ndents  6.07  13.09 

Non-respondents  2.20  5.38  -4.84       <  .001 


Note.  The  idenUty  of  2  respondents  could  not  be  determined,  thus  they  are  included  in  this  analysis  as  non-respondents 
•N  =  318.^N  =  282. 
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usage  data  obtained  from  survey  questions  asking  about 
the  frequ'^ncy  and  duration  of  Free-Net  usage  during  the 
"past  two  weeks/'  Correlations  were  calculated  between 
ccMnputer-monitored  and  self-reported  measures  for  all 
surveys,  as  well  as  for  surveys  returned  during  the  first- 
two  weeks  after  the  initial  mailing  (since  these  responses 
corresponded  most  closely  to  the  time  period  covered  by 
the  log  files)  and  also  for  surveys  returned  after  that  time. 
The  correlations  ranged  from  .42  to  .60  for  log-on 
frequency,  from  M  to  .55  for  session  length,  and  from 
.17  to  .60  for  total  Ume  online.  In  each  case,  Uie  correla- 
tions were  highest  for  the  portion  of  the  sample  that 
responded  during  the  two  weeks  closest  to  the  time  period 
in  which  the  computer-monitored  data  was  collected. 

Discussion 

The  methodology  employed  in  the  Free-Net  study 
aw>cared  to  be  effective,  overall,  while  probably  requiring 
less  time,  labor,  and  money  to  administer  than  would  a 
conventional  mailed  survey.  The  current  response  rate 
fell  within  the  range  (from  50%  to  93%)  usually  obtained 
by  surveys  employing  TDM  (Dillman,  1978).  A  response 
rate  of  66%  is  typically  considered  as  "good"  (Babbie, 
1990).  However,  it  was  slightly  lower  than  the  response 
rate  of  73%  obtained  by  Swift  (1989)  in  a  previous  mailed 
survey  of  Free-Net  users.  Previous  research  has  indicated 
that  response  rates  for  online  surveys  can  be  expected  to 
be  the  same  or  somewhat  lower  than  those  for  face-to- 
face  interviews  or  mailed  questionnaires  (Kiesler  & 
Sproull,  1986;  Rafaeli,  1986;  Sproull,  1986). 

The  use  of  a  probability  sample  in  this  suidy  (as 
opposed  to  the  many  e-mailed  surveys  that  I  have  seen 
which  have  been  broadcasted  to  an  unknown  number  of 
unidentified  recipients)  reduced  the  chances  that  the 
sample  findings  differ  from  "true"  population  values. 
Comparisons  made  between  respondents  and  non- 
respondents  using  computer-monitored  data,  as  well  as 
comparisons  made  between  early  and  late-responders, 
provided  a  means  of  assessing  the  extent  to  which  non- 
response  created  biases  in  the  survey  findings.  The 
comparisons  suggested  that  the  respondents  may  under- 
represent  infrequent  users  and  those  who  perceive  the 
system  to  be  difficult  to  access.  By  having  information 
about  such  biases,  the  researcher  can  predict  the  way(s)  in 
which  the  sample  findings  may  differ  from  "true" 
population  values  and  the  way(s)  in  which  these  differ- 
ences may  have  affected  the  analyses.  In  the  present 
study,  it  appeared  that  the  range  of  responses  on  usage 
and  system  access  variables  was  probably  restricted  and 
thus  the  magnitude  of  some  of  the  relationships  observed 
may  have  been  lower  than  they  would  have  been  other- 
wise. 

In  order  to  minimize  problems  involved  with  self- 
reported  data,  which  is  not  often  very  accurate  or  reliable, 


Rogers  (1986)  recommends  obtaining  multiple  measures 
of  system  usage  from  several  independent  sources, 
including  computer-monitored  data.  In  the  present  study, 
computer-monitored  data  provided  a  means  of  judging  the 
accuracy  of  self-reports  of  system  usage.  Although  the 
correlations  obtained  (r  =.17  to  .60)  were,  with  one 
exception,  better  than  those  obtained  in  other  studies  (r  = 
.29  to  .38,  Ettema,  1985;  Rice  &  Shook,  1988),  there  were 
still  considerable  differences  between  the  usage  data 
obtained  from  the  two  different  sources.  It  would  have 
been  even  better  to  have  computer-monitored  data  for  the 
entire  time  period  in  which  the  survey  data  was  collected. 
This  data  could  have  been  used  to  augment  or  replace  the 
self-reported  usage  data. 

Telecomputing  Systems  and  Educational 
Researcti 

The  methodology  used  in  Uie  Free-Net  study  may  also 
be  appropriate  for  research  investigating  usage  of  educa- 
tional telecomputing  networks  by  K-12  teachers, 
preservice  teachers,  and  teacher  educators.  Ad^tations 
to  the  procedures  may  be  made  based  upon  consideration 
of  factors  such  as  school  calendars  and  the  characteristics 
of  a  particular  network  and  its  users.  Pilot  studies  should 
be  conducted  to  determine  whether  an  acceptable  re- 
sponse rate  can  be  achieved  by  using  this  method  in  an 
educational  context. 

The  appropriate  population  for  an  electronic  survey 
includes  users  with  adequate  access  to  the  networic  and 
sufficient  experience  with  computers  and  telecomputing, 
in  particular,  so  that  they  feel  comfortable  using  these 
technologies.  Indeed,  86%  of  the  Free-Net  study  respon- 
dents reported  easy  access  to  computers  and  modems  with 
which  they  could  access  the  system,  although  about  half 
reported  having  difficulty  making  a  connection  the  Free- 
Net  itself  Furthermore,  82%  of  the  Free-Net  study 
respondents  had  more  than  5  years  of  experience  using 
computers,  Vthough  less  than  half  had  been  using  the 
Free-Net  for  more  than  a  year. 

Given  that  appropriate  conditions  exist  and  necessary 
adaptations  can  be  made  so  that  an  acceptable  response 
rate  can  be  achieved,  the  methodology  illustrated  by  the 
Free-Net  study  offers  researchers  an  opportunity  to  study 
usage  of  educational  telecomputing  networks  (and 
possibly  other  topics)  in  a  manner  that  seems  to  require 
less  time,  labor,  and  money  than  would  a  conventional 
mailed  survey. 
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P#rsp«ctiv« 

To  some,  chaos  is  a  disturbing,  and  unsettling 
concept.  It  takes  us  from  a  world  of  pcedeter 
mined  order,  mechanistic  certainly  and  reduction- 
ism  to  a  world  of  geomeuic  stnicture  masquerading  as 
randomness  and  unpredictability.  It  is  a  world  that 
metaphorically  might  exist  behind  Alice's  looking  glass. 
When  looking  into  her  mirror,  remarks  that*s  just  the 
same  as  our  (world),  only  the  things  go  the  other  way 
(Carroll,  1871).  We  might  say  the  same  thing  when 
observing  the  seemingly  strange  world  of  chaos  where 
randonmess  is  not  random  and  predictability  is  not 
predictable.  Strange  attractors,  bifurcation  points,  phase 
space,  and  fractals  are  just  some  of  the  artistically-crafted 
terms  used  ixi  this  exciting  frontier  (Gleick,  1987).  It  is  a 
frontier  diat  crosses  many  academic  disciplines  and 
signals  a  change  in  the  way  we  should  view  ediication.  It 
is  a  frontier  for  those  who  seek  to  vjnderstand  complex, 
constantly  fluctuating  systems  -  systems  such  as  the  100 
trillion  connections  of  the  12  billion  neurons  that  com- 
prise our  brain. 

Our  education  system  a*)sumes  a  mechanistic  world 
where  aU  learn  in  lock  step  fashion.  We  have  built  a 
system  based  upon  the  needs  of  an  industrial  age,  where 
everyone  in  the  system  is  expected  to  learn  the  same  thing 

the  same  time,  and  progress  through  a  linear  sequence 
of  activities  both  micro  and  macro.  This  is  not  the  kind  of 
schooling  systems  we  need  for  the  information  age.  What 
we  teach  our  teachers  about  learning  is  anachronistic. 
Cunent  teacher  education  curriculums  are,  for  the  most 
part,  b  j&ed  upon  philosophical  concepts  brought  forth 
hundreds  of  years  ago  to  accommodate  the  industrial  age. 
It  i^  an  age  that  no  longer  exists. 

The  Newtonian  research  model,  so  completely  and 
unquestionably  adopted  by  education  early  in  the  19th 
century,  and  almost  universally  accepted  by  educators 
today  may  no  longer  be  a  viable  scientific  model  for 
education.  Absolute  determinism  must  now  yield  to 
constructionism,  complexity  and  the  seemingly  unpredict- 
able. The  statistic  of  the  average  and  the  wholesale 
reliance  on  linear  models  has,  no  doubt,  contributed  to  our 
knowledge  of  the  schooling  process.  But  our  blind 
acceptance  of  this  mechanized,  deterministic  model  has 
also  led  us  away  from  an  information  age  educational 
system.  We  must  seek  new  methods  to  build  nonlinear 
models  that  provide  us  with  a  true  and  accurate  represen- 
tation of  learning.  We  must  look  at  all  aspects  of  our 
education  system,  striving  to  build  an  education  system 
built  upon  sound  scientific  principles.  We  must  invent  a 
new  science  of  education. 

Theoretical  Framework 

Learning  and  thinking  are  nonlinear  processes.  In  fact, 
very  few  processes  in  the  world  are  linear.  Life  itself  is 
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nonlinear.  Where  we  educators  are  at  fault  is  in  trying  to 
fit  human  behavior  into  a  linear  measurement  system.  As 
such,  we  miss  probably  the  most  important  elements  of 
the  systems  we  study.  We  falsely  attribute  learning 
behaviors  to  one  or  two  factors  and  then  build  instruction 
to  incorporate  these  factors.  Although  we  try  to  control  all 
other  factors  through  mostly  linear  statistical  procedures, 
we  fail  to  recognize  the  value  and  importance  of  the 
nonlinear  events. 

Another  serious  oversight  that  educatorr  make  is  in 
assuming  that  small  differences  in  the  initial  state  of  the 
learning  process  has  little  or  no  effect  upon  the  resultant 
outcomes  of  instruction.  We  assume  that  any  differences 
that  do  exist  initially  will  average  out  overtime.  Some- 
times when  we  do  recognize  that  the  differences  matter, 
we  believe  that  we  can  control  or  at  least  account  for  them 
by  applying  linear  statistical  measures.  Chaos  tells  us 
otherwise. 

One  of  the  cornerstones  of  chaos  is  that  small  initial 
differences  in  a  dynamical  system  can  produce  enormous 
differences  in  the  outcome  of  that  system.  These  differ- 
ences in  outcome  are  largely  unpredictable.  This  phenom- 
enon called  sensitive  dependence  upon  initial  cotiditions 
was  initially  discovered  in  1960  by  Edward  Lorenz  who 
was  studying  weather  patterns  for  the  purpose  of  deriving 
a  method  to  predict  the  weather.  Having  gathered  data  on 
one  run,  he  decided  to  repeat  the  calculations  using  the 
same  data  To  his  surprise,  the  results  of  this  second  run 
began  to  diverge  rapidly  from  the  first  run.  Although  the 
equations  for  the  two  runs  were  the  same,  he  chose  to 
round  off  the  figures  from  the  first  run  from  six  to  three 
decimal  places  for  the  second  run.  While  the  differences 
between  the  two  inpucs  was  only  a  fraction  of  a  percent, 
the  difference  in  the  outcomes  became  incredibly  large  in 
a  short  time.  Prom  the  same  set  of  data  Lorenz  saw  the 
prediction  of  two  vastly  different  weather  systems  (Briggs 
&  Peat.  1989). 

Up  to  that  time,  it  was  conunonly  assumed  that  these 
small  differences  in  the  initial  condition  of  a  dynamical 
system  could  be  ignored  because  of  the  belief  that  they 
would  eventually  cancel  out  through  an  averaging 
process.  Lorenz* s  experiment  put  to  rest  the  assumption. 
His  discovery  now  popularized  as  an  aphorism  states  that 
if  a  butterfly  flaps  his  wings  in  Hong  Kong,  a  thunder* 
storm  could  form  in  New  York  several  weeks  later.  That 
is,  snnall  initial  differences  do  indeed  lead  to  large  and 
sometimes  chaotic  terminal  effects  not  easily  predicable. 
This  leads  us  to  the  inescapable  conclusion  that  predict- 
ability, the  kind  we  do  in  education,  is  an  elusive  creature 
fraught  with  error. 

It  is  important  for  educators  to  recognize  that  the 
study  of  education  is  essentially  a  study  of  a  dynamical 
system.  From  the  firings  of  the  synapses  in  the  brain  to  a 
school's  economical  conditions,  chaos  is  there.  We  know 


that  very  simple  nonlinear  systems  contain  a  rich  spec- 
imm  of  dynamical  behavior  (May  1976).  As  such,  teacher 
educators  can  no  longer  ignore  the  implications  of  chaos 
in  the  design,  development  and  evaluation  of  curriculum 
and  the  schooling  process.  As  we  become  more  and  more 
dependent  upon  the  computer  to  study  and  deliver 
education,  we  must  be  aware  of  the  implications  due  to 
chaos  in  these  systems,  and  use  the  computer  to  help  us 
discover  chaos  within  the  schooling  process. 

Summary  and  Conclusion 

We  have  tried  to  introduce  the  reader  to  very  brief 
overview  of  chaos  theory  stressing  that  many  aspects  of 
our  education  system  are  dynamical  systems  requiring 
nonlinear  solutions.  In  particular,  thinking,  reasoning  and 
learning  are  nonlinear.  The  brain  itself  is  a  dynamical 
system  made  up  of  individual  neurons  forming  incredibly 
complex  networks  that  represent  information,  knowledge, 
perceptions,  emotions  and  thought.  Chaos  theory  can 
provide  us  with  powerful  tools  to  study  these  complex 
systems. 

We  suggest  that  the  traditional  linear  methods  used  in 
educational  investigation  and  development  are  inappropri- 
ate for  21st  Century  teacher  education.  Education  must 
move  away  from  traditional  linear  mathematics  and  move 
toward  the  study  of  nonlinearity  and  complexity.  No 
matter  how  intricate  we  make  our  linear  mathematics  and 
statistical  procedures  (multiple  linear  regression,  etc.) 
they  cannot  compensate  for  our  ignoring  the  nonlinear 
world  we  live  in.  As  professional  educators,  we  have 
failed  to  present  this  view  to  our  students.  Tliis  results  in 
teachers  and  administrators  who  are  ill-equipped  to  deal 
with  the  complexity  inherent  in  most  of  our  educational 
endeavors.  Graduates  of  teacher  education  programs  must 
become  mathematically  literate  and  schooled  in  the 
procedures  of  nonlinear  dynamics  and  its  consequences. 
They  must  understand  that  learning  is  not  a  series  of 
sequential  events,  but  a  process  of  information  transfer 
that  follows  the  rules  of  complexity. 

We  hope  this  brief  discussion  of  chaos  theory  will 
stimulate  other  educators  to  pursue  investigations  into 
how  chaos  theory  might  be  used  to  study  human  learning, 
design  instruction  and  operate  21st  Century  schools.  We 
encourage  others  to  expand  on  the  ideas  presented. 
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ririhis  article  introduces  the  recent  monograph, 
I    Approacfies  to  Research  on  Teacher  Education 
JL   and  Technology  (Waxman  &  Bright,  1983).  This 
monograph  was  conunissioned  by  the  Society  of  Technol- 
ogy and  Teacher  Education,  a  division  of  the  Association 
for  the  Advancement  of  Computing  Education.  The 
monograph  highlights  some  of  the  recent  work  of 
researchers  in  the  field  of  technology  and  teacher  educa- 
tion and  examines  typical  research  approaches  and 
methods  that  have  been  used  in  the  field  as  well  as 
paradigms  or  conceptualizations  of  research  in  technology 
and  teacher  education. 

It  is  importi\nt  to  examine  research  methods  and 
paradigms  in  technology  and  teacher  education  is  impor- 
tant because  in  e<]ucational  research,  the  answers  we 
develop  are  shape  d  by  the:  (a)  form  of  questions  we  ask, 
and  (b)  methods  we  use  to  resolve  them  (Clark,  1979). 
Unfortunately,  investigatori.^'  personal  commitments  to  a 
given  research  metlu}dology  have  sometimes  guided  and 
shaped  the  research  piocess  by  affecting  their  choice  of 
design,  instrumentaiion,  and  interpretation  of  data 
(Dunkin  &  Biddle,  1974).  In  other  words,  the  selection  of 
the  research  method  is  often  related  to  the  theoretical  or 
ideological  commitments  or  beliefs  of  the  investigator 
(Shuhnan,  I981, 1986).  As  Kaplan  (1963)  describes  it,  "it 
comes  as  no  particular  surprise  to  discover  that  a  scientist 
formulates  problems  in  a  way  which  requires  for  their 
solution  just  those  techniques  in  which  he  himself  is 
specially  skilled"  (p.  28).  Awareness  of  a  variety  of 
I'esearch  methodologies  and  paradigms  can  broaden  our 
approach  and  perspective  on  research  problenas  and 
change  our  ways  of  thinking  about  what  we  can  study  and 
how  we  can  study  it  (Kerlinger,  1977). 

R0seorch  Methods  and  Paradl^  ins 

A  research  methodology  is  a  speaiic  technique  or 
s'lrategy  of  inquiry,  while  a  research  paradigm  is  a  matrix 
of  beliefs  and  assumptions  about  the  nature  and  purpose 
of  a  phenomenon  that  gives  shape  to  specific  forms  of 
inquiry  (Zeichner,  19S3).  As  Padilla  (1990)  describes  it, 
"a  scientific  'paradigm'  orients  and  guides  the  thinking 
about  researchable  problems,  theory,  methods,  and 
interpretation  of  data"  (p.  18).  A  paradigm  is  an  accepted 
and  shared  model  of  research  where  the  same  rules  and 
standards  are  applied  (Kuhn,  1970).  It  is  a  way  of  concep- 
tualizing research  that  represents  the  perspective  of  the 
researcher  toward  the  problems  being  studied.  According 
to  Reichardt  and  Cook  (1979),  '*a  paradigm  includes  not 
only  a  philosophical  world  view  but  also  a  linkage  to 
certain  type  of  research  method"  (p.  11).  ConsequenUy, 
the  paradigm  determines  the  research  methodology.  Hiis 
monograph's  dual  emphasis  on  meUKxiologies  and 
paradigms  allows  educators  to  understand  how  theoretical 
considerations  detennine  the  appropriate  analytic  tools 
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that  should  be  used  in  research  in  technology  and  teacher 
education. 

We  do  not  know  at  this  time  bow  technologies  might 
influence  the  future  development  of  research  methodolo- 
gies or  paradigms  for  the  study  of  teacher  education  in 
general  or  technology  and  teacher  education  in  pr>rticiilar. 
It  is  certainly  possible  that  there  will  be  critical  m.d  deep 
changes  in  the  ways  we  think  about  teacher  education 
research.  ITie  intent  of  the  monograph  was  to  movi*  the 
discussion  of  these  issues  forward  so  tliat  futuu  rch 
would  be  significantly  more  valuable  than  it  is  toCv 

Overview  of  the  Monograph 

This  monograph  is  divided  into  two  parts.  Part  1, 
Overviews  of  Research  Programs  and  Perspectives, 
addresses  several  specific  frameworks  and  approaches  for 
research  on  technology  and  teacher  education.  Although 
the  cb£^ters  in  this  part  are  quite  diverse,  they  dmw 
together  some  of  the  potential  directions  for  research  in 
technology  and  teacher  education.  In  the  first  chapter, 
Cleb  Maddux  describes  past  and  future  research  stages  in 
educational  computing  and  argute  that  research  now 
needs  to  ask  which  and  how  learner  and  learning  variables 
interact  with  teaching  variables  as  they  relate  to  specific 
dependent  variables.  In  the  next  chapter,  Rich  Johnson 
reviews  recent  research  findings  that  address  technologi- 
cal media  and  how  its  implementation  into  educ;  aonal 
contexts  affects  student  leamiiig  outcomes.  Jerry  Willis 
follows  with  a  proposal  for  teacher  educators  in  the  area 
of  technology  to  change  their  research  focus  from  a 
Research-to-Support-Theory  Model  to  an  Instructional 
Development  Research  Model.  Next,  Doug  Brooks 
proposes  a  systems  integration  approach  for  researching 
tiw  role  of  technology  in  professional  development.  In  the 
last  chapter  of  Part  I,  Lamont  Johnson  and  Steve  Harlow 
describe  some  current  research  in  technology  and  teacher 
education  and  argue  that  there  are  three  phases  of  our 
mission,  (1)  acquiring  and  developing  technology.  (2) 
integrating  technology,  and  (3)  engaging  active  conversa- 
tion with  public  school  practice. 

Part  n,  Methods  of  Research  in  Technology  and 
Teacher  education,  focuses  on  specific  research  methods 
and  on  how  they  have  been  used  in  technology  and 
teacher  education.  Although  the  chapters  in  this  part  do 
not  review  all  of  the  potential  methods  for  conducting 
research  in  technology  and  teacher  education,  they  do 
represent  most  of  the  methods  that  are  generally  used  in 
this  area.  In  the  first  chapter,  Kip  Tellez  describes 
experimental  and  quasi-experimental  research  in  technol- 
ogy and  teacher  edtKation  and  argues  that  there  should  be 
more  quality  experimental  research  in  this  area.  In  the 
next  chapter,  Gregg  Brownell  summarizCvS  two  types  of 
descriptive  research:  (a)  survey  research  and  (b)  content 
analysis  research.  He  outlines  the  concepts,  techniques, 


and  provides  examples  for  each  type  of  research.  Cliff 
Liao  and  George  Bright  describe  the  meta-analytic 
research  method  and  focus  on  the  types  of  research 
questions  that  might  be  addressed  by  usmg  that  method  in 
technology  and  teacher  education.  Diane  Novak  provides 
an  overview  of  qualitative  research  methods  and  describes 
features  of  ethnographic  research.  She  also  provides  a 
specific  example  from  a  study  that  illustrates  how 
ethnographic  research  can  inform  teacher  education.  In 
tl>e  last  chapter  of  Part  II,  Nita  Copley  and  Susan  Wil- 
liams describe  the  use  of  systematic  classroom  observa- 
tion in  technology  and  teacher  education  research  and 
argue  that  its  use  needs  to  be  expanded  in  this  area. 

In  the  final  summary  chapter,  The  Future  of  Research 
on  Technology  and  Teacher  Education,  some  of  tlie  future 
research  U"ends  and  directions  in  technology  aiKi  teacher 
education  are  discussed.  In  particular.  Bright  and 
Waxman  suggest  that  there  arc  three  ways  technology  can 
be  used:  (a)  to  teach  teachers  about  technology,  (b)  to 
improve  the  delivery  of  current  teacher  education  pro- 
grams, and  (c)  to  restructure  teacher  education.  They 
argue,  however,  that  the  use  of  technology  to  restructure 
or  change  teacher  education  should  be  the  most  important 
focus.  They  also  discuss  some  methodological  advances 
and  how  improvement  in  analytic  techniques  can  also 
change  research  in  the  field. 

'mproving  the  .  .dseorch  in  Technology  ond 
Teacher  Education 

Approai  hes  to  Research  on  Teacher  Education 
andlechnoL^y  illustrates  ways  we  can  use  research  to 
improve  the  effects  of  technology  on  teaching  and  teacher 
education,  llie  purpose  of  the  monograph  is  to  make 
available  information  for  improving  our  understanding  of 
the  problems  as  well  as  solutions  to  problems  related  to 
research  in  technology  and  teacher  education.  As  Walker 
(1992)  puts  its,  "these  are  interesting  times  for  anyone 
concerned  with  the  methodology  of  researc'^  in  educa- 
tion" (p.  98).  He  further  adds  that  "the  old  order  based  on 
an  empirical-scientific-positivist  doctrine  has  lost  its  grip 
on  the  field,  and  no  new  doctrine  has  yet  achieved 
dominance,  so  the  educational  researcher  planning  a  study 
today  faces  an  open  field  bright  with  possibilities**  (p.  98). 
Given  the  large  number  of  appropriate  methodological 
options  that  researchers  have  in  designing  their  studies, 
we  may  now  start  to  see  more  and  better  research  in 
technology  that  contributes  to  educational  improvements. 

Research  currently  has  a  major  unpact  on  all  aspects 
of  education,  including  that  of  technology  and  teacher 
education  (Waetjin,  1991).  We  maintain  that  research  cun 
play  a  critical  role  in  improving  the  role  of  technology  in 
teacher  education.  Althou^^h  recognition  of  the  uniqueness 
of  each  teacher  education  program,  school,  and  classroom 
situation  will  always  need  to  be  considered,  the  accumula- 
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tion  of  rescaich  evidence  over  time  and  across  studies 
may  provide  consistent  findings  that  enliance  our  under- 
standings of  the  role  of  technology  and  teacher  education. 
In  other  words,  more  and  better  research  in  this  field  may 
allow  us  to  change  and  improve  the  education  of  teachers 
ami  consequently  improve  the  education  of  students. 

The  general  public  and  policymakers  have  often  not 
had  confidence  in  the  research  findings  of  educational 
researchers  because  of  the  contradictory  conclusions  often 
presented  by  different  studies  using  different  analytic 
methods  or  research  methods.  Although  research  synthe- 
ses and  meta-analyses  have  alleviated  some  of  these 
concerns,  researchers  must  still  explain  the  advantages, 
disadvantages,  and  appropriate  uses  of  the  metlKxlology 
they  employ.  Only  then,  will  educators  begin  to  under- 
stand the  complicated  role  that  methodology  has  in 
educational  research.  We  hope  at  the  same  lime  that 
policy  makers  will  continue  to  acknowledge  the  contribu- 
tion that  education  research  can  have  in  formulating 
policies  that  effectively  suj^rt  improvements  in  schools, 
classrooms,  and  teacher  education  programs.  Research  is 
a  vehicle  that  can  enhance  educational  change,  but  we 
must  be  aware  that  in  order  to  impact  practice,  research 
must  be  effectively  communicated  and  disseminated. 

Improving  the  research  on  technology  and  teacher 
education,  however,  will  take  more  than  just  awareness  of 
the  problems  and  knowledge  of  some  solutions.  Method- 
ological rigor  and  sophistication  are  only  one  component 
of  excellence  in  education  (Walker,  1992).  We  will  also 
need  a  commitment  towards  quality  research  and  a  call  to 
action  for  collaboration  among  educators  who  have 
different  paradigms  or  perspectives  about  research  in  the 
field.  A  broad,  interdisciplinary  research  agenda  will  need 
to  be  collaboratively  developed  and  then  carried  out 
vigorously.  It  will  need  to  include  both  basic  and  applied 
research  as  well  as  long-term  and  short-term  programs, 
lliis  process  will  also  require  a  change  in  attitudes  that 
will  make  us  all  aware  of  the  severity  of  tlie  problems 
associated  with  faulty  research  and  seriously  committed 
to  improving  the  research  in  technology  and  teacher 
education.  The  monograph  was  intended  to  be  a  step  in 
that  direction. 
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Technology  in  Mathematics  and  Science 
Teocher  Educofion 

\he  papers  in  this  section  of  the  Computer  Annual 
reflect  recent  changes  in  conceptualizations  of 
teacher  education.  Comparison  with  earlier 
Annuals  will  reveal  trends  not  only  in  the  study  of  teacher 
education  but  also  in  the  understanding  that  has  developed 
about  how  teachers  can  be  assisted  in  making  the  changes 
necessary  for  integration  of  technology  into  mathematics 
and  science  instruction. 

IheorellcQl  Foundotions 

The  studies  reported  this  year  all  use  explicit  theoreti- 
cal frameworks,  either  for  the  conceptualization  of  the 
project  or  for  the  interpretation  of  the  results.  The  most 
popular  framework  is  the  use  of  hands-on  or  problem- 
solving  experiences  in  support  of  learning.  This  frame- 
work is  particularly  important  for  mathematics  and 
science  teacher  education  because  of  its  consistency  with 
the  numerous  reforms  suggested  for  the  improvement  of 
mathematics  and  science  mstniction  across  K-12.  Other 
clearly  articulated  frameworks,  however,  are 
constructivism  and  the  Concerns  Based  Adoption  Model. 
Further  use  of  these  frameworks  will  help  connect 
technology  teacher  education  to  other  areas  of  teacher 
education  (e.g.,  general  elementary).  It  is  encouraging  that 
scholarship  in  the  area  of  technology  and  teacher  educa- 
tion has  moved  into  the  stage  of  conscious,  careful 
conceptualization  of  explicit  frameworks.  Fuilher 
development  of  frameworks  more  closely  tied  to  technol- 
ogy (as  opposed  to  borrowed  from  other  areas  of  educa- 
tional research)  would  likely  improve  even  further  the 
research  on  technology  and  teacher  education  in  math- 
ematics and  science. 

The  K-12  inservice  projects  reported  in  this  section 
reflect  understanding  of  the  unportance  of  collaboration, 
either  among  teachers  for  the  purpose  of  changmg 
instruction  or  among  researchers  and  teachers  for  the 
purpose  of  documenting  results.  Generally,  inservice 
projects  expected  that  teachers  would  participate  m  teams. 
This  approach  seems  to  be  explicit  recognition  that 
reforms  in  the  integration  of  technology  into  instruction 
will  occur  only  when  tools  for  carrying  out  those  reforms 
are  put  in  the  hands  of  the  people  who  make  the  changes  - 
namely,  classroom  teachers.  This  is  a  welcome  shift  away 
from  projects  that  "tell"  teachers  what  to  teach  and  how  to 
use  technology.  Hopefully  tiiese  projects  will  have  long 
lasting  effects  for  helping  teachers  mtegrate  technology 
into  instruction. 

By  contrast,  the  papers  that  deal  with  undergraduate 
education  do  not  expliciUy  discuss  whether  that  instruc- 
tion might  be  more  effective  if  teams  of  undergraduates 
worked  together.  We  need  to  examine  die  discontinuity  of 
approaches  in  undergraduate  education  with  approaches 
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used  with  K-12  teachers.  If  we  continue  to  deal  with 
preservice  and  inservice  teachers  differently,  then  there 
will  continue  to  be  a  mentality  of  developing  inservice 
programs  that  "fix"  inservice  teachers  by  providing 
education  on  "new"  ideas.  Wouldn't  it  make  more  sense 
to  use  instructional  approaches  in  undergi'aduate  educa- 
tion that  will  transfer  to  K-12  education?  Tben  teachers 
might  not  find  the  transition  from  being  a  university 
student  to  being  a  teacher  so  difficult. 

But  this  argument  probably  ought  to  be  extended.  If 
instruction  from  grades  K  through  inservice  education 
were  consistent  in  philosophy,  wouldn't  students  and 
teachers  all  have  an  easier  time  of  it?  If  inservice  teachers 
need  to  work  together  to  change  the  ways  they  think  about 
their  own  learning  (e.g.,  lemning  new  pedagogy), 
shouldn't  preservice  teachers  do  the  same  (e.g.,  learning 
content,  pedagogy,  and  child  development)?  And  if 
undergraduates  should  work  together,  shouldn't  high 
school  students?  And  if  high  school  students  should  work 
together,  shouldn't  middle  and  elementary  school 
students?  We  know  that  change  is  a  difficult  and  lengthy 
process,  so  if  we  conceptualize  all  learning  as  change, 
then  the  types  of  support  needed  to  foster  change  would 
seem  to  be  conceptually  similar  across  all  kinds  and  levels 
of  learners.  In  particular,  learning  how  to  learn  with 
technology  might  be  easier  if  learners  at  every  grade  level 
worked  together  and  shared  their  developing  expertise. 

Integration  of  Content  ond  Technology 

It  is  noteworthy  that  the  reports  in  this  section 
highlight  the  importance  of  making  connections  among 
content  and  between  technology  and  content.  Sometimes 
the  connections  were  "enforced"  because  of  the  make-up 
of  teams  of  teachers  accepted  into  inservice  projects,  and 
sometimes  the  connections  came  naturally  from  the  way  a 
project  was  focused.  Both  mathematics  education  and 
science  euucation  groups  at  the  national  level  are  caDing 
for  more  connection  (and  less  isolation)  of  content,  so  the 
reports  here  may  simply  reflect  current  trends  in  the 
disciplines.  However,  I  hope  that  when  these  reports  are 
presented  at  the  1993  STATE  meeting,  they  will  spark 
extensive  discussion  of  the  benefits  and  the  drawbacks  of 
emphasizing  connections  among  content.  More  projects  in 
which  connections  are  highlighted  will  need  to  be 
analyzed  and  reported  before  we  know  how  that  approach 
affects  the  quality  of  technology-based  instruction 
provided  not  only  for  teachers  but  also  by  teachers. 

None  of  the  projects  this  year  suggest  the  teaching  of 
technology  for  its  own  sake.  Rather,  technology  is  tied  to 
specific  mathematics  and  science  content.  Unfortunately, 
the  papers  are  uniformly  weak  in  their  descriptions  of  the 
specifics  of  how  technology  was  used  to  enhance  either 
teachers'  understanding  of  content  or  teachers'  delivery  of 
instruction  about  that  content.  My  hunch  is  that  we  will 


fmd  over  the  next  few  years  mat  teaching  connections 
between  technology  and  content  is  a  very  complex 
activity.  In  oider  to  understand  that  complexity,  we  need 
to  have  rather  complete  descriptions  of  the  instructioR 
provided  for  teachers.  We  need  to  develop  techniques  for 
describing  the  important  details  about  instruction,  so  that 
readers  can  relate  instructional  techniques  across  projects. 
Perhaps  reports  in  future  year's  Artnwa/  can  experiment 
with  different  ways  of  detailing  their  instructional 
approaches,  so  that  over  a  long  period  we  can  develop 
some  conventions  about  how  to  provide  the  necessary 
detail. 

Citation  of  Evidence 

The  biggest  disappointment  in  reading  the  papers  this 
year  is  the  "softness"  of  evidence  presented  in  support  of 
the  conclusions  and  generalizations.  Cleariy,  part  of  the 
explanation  for  this  is  the  limitation  on  length  for  articles 
in  the  Annual.  No  doubt  the  evidence  does  exist;  it  simply 
couldn't  be  reported  in  detail  within  the  limitations  of  this 
publication  outlet.  However,  I  do  suggest  that,  in  the 
future,  more  of  the  evidence  needs  to  be  presented,  even 
in  papers  as  short  as  these. 

For  quantitative  studies,  there  are  numerous  conven- 
tions among  educational  researchers  about  what  kind  of 
evidence  is  adequate  support  for  conclusions  and  gener- 
alizations. However,  for  evaluation  studies  and  qualitative 
research,  we  all  seem  to  be  struggling  with  the  develop- 
ment of  acceptable  criteria  for  adequacy  of  evidence.  As 
academicians,  we  must  demand  high  standards  of 
evidence  both  of  others  and  of  ourselves.  We  need  to 
know  what  claims  are  real,  and  it  is  only  through  exami- 
nation of  the  evidence  that  we  can  be  convinced.  As  users 
of  technology,  we  must  demand  convincing  evidence  in 
support  of  claims  about  the  effects  of  technology  use. 
Evidence  gives  us  the  confidence  to  act  on  the  claims  and 
alter  our  own  uses  of  technology  in  teaching  and  in 
teacher  education. 

It  is  interesting  to  me  that  r;iost  authors  point  to 
"research  evidence"  as  part  of  establishing  their  theoreti- 
cal frameworks.  Yet,  the  "evidence"  presented  by  these 
same  authors  in  support  of  their  conclusions  is  too  often 
only  the  stating  of  those  conclusions.  How  will  future 
researchers  use  these  papers  in  developing  more  sophisti- 
cated theoretical  frameworks?  Will  the  statements  of 
conclusions  and  generalizations  be  cited  as  the  evidence? 
I  think  we  would  be  on  safer  ground  if  authors  provided 
clear  research  evidence  along  with  the  conclusions  and 
generalizations.  Then  future  researchers  would  be  better 
able  to  weave  research  studies  into  a  coherent  whole. 

In  Closing 

The  progress  we  have  made  in  designing  and  studying 
ways  that  we  approach  technology  teacher  education  in 
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mathematics  and  science  reminds  me  somewhat  of  the 
progress  we  have  made  m  the  study  of  problem  solving. 
There  is  now  a  much  better  balance  between  teaching 
about  technology  (or  problems  solving)  in  isolation  and 
teaching  about  technology  (or  problem  solving)  along 
with  the  study  of  content  There  is  a  much  better  balance 
between  asking  individuals  to  master  technology  (or 
problem  solving)  alone  and  asking  learners  to  share  their 
developing  understandings  about  technology  (or  problem 
solving)  with  other  learners  as  they  are  collectively 
involved  in  the  process  of  learning.  There  is  also  a 
recognized  need  for  research  and  evaluation  about 
technology  (or  problem  solving)  to  be  set  within  clearly 
articulated  theoretical  frameworks.  These  progressions  are 
all  £0r  the  good.  Success  at  integrating  technology  into 
mathematics  and  science  teaching  depends  on  our 
developing  a  healthy  respect  for  the  ccxnplexity  of  the 
processes  involved  and  a  rich  base  of  evidence  that  will 
guide  our  practice.  As  technology  changes  and  becomes 
more  powerful  and  more  sophisticated,  the  challenges  for 
thorough  integration  into  instruction  will  become  even 
greater.  We  will  need  exponentially  more  information 
about  the  effects  of  technology  in  order  to  use  new 
technology  effectively.  The  shifts  in  knowledge  reflected 
by  the  reports  in  this  section  represent  steps  in  the  right 
direction. 

George  W.  Bright  is  professor  of  mathematics  education 
at  the  University  of  North  Carolina  at  Greensboro,  where 
he  is  responsible  for  teaching  and  advising  undergradu- 
ate and  graduate  students.  He  also  directs  a  variety  of 
inservice  mathematics  and  technology  programs  for 
teachers  in  grades  K-ll,  He  earned  B.A.  and  MA. 
degrees  in  mathematics  from  Rice  University  in  1968  and 
1969  and  a  Ph.D.  degree  in  mathematics  education  from 
the  University  of  Texas  at  Austin  in  197 L  He  has  held 
faculty  positions  at  Northern  Illinois  University,  Emory 
University,  University  of  Wisconsin,  University  of 
Calgary,  and  University  of  Houston.  His  current  re- 
search interests  include  (a)  evaluation  of  inservice 
projects  on  calculators  and  computers  in  middle  and  high 
school,  (b)  development  of  statistics  understanding  atnong 
elementary  school  students  and  teachers,  and  (c)  develop- 
ment of  elementary  teachers'  understanding  of  statistics 
pedagogy,  e-mail:  brightg@uncg.bitnet 
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A  constructivist  use  of 
technology  in  elementary 

mathematics 

Michael  L.  Connell 
University  of  Utah 


Mathematical  Constmctivism  and  Technology 

There  is  currently  a  negative  view  toward  the  use  of 
technology  on  the  part  of  many  practicing 
mathematics  educators  and  instructors  of  math- 
ematics methr>ds.  This  exists  for  a  wide  variety  of  reasons 
including  the  history  of  the  computer  as  an  instrument  of 
''drill  and  kill**  in  the  area  of  mathematics,  emphasis  on 
computer-based  units  that  seem  to  emphasize  procedures 
over  problem  solving,  and  the  lack  of  student-centered 
construction  of  meaning  evidenced  in  many  programs. 
Tbis  is  a  sad  state  of  affairs,  for  technology  has  Uie 
potential  of  advancing  the  very  goals  of  the  NCTM 
(1989)  which  mathematics  educators  point  to  when  they 
bemoan  the  use  of  technology  in  mathematics  instruction. 

In  an  attempt  to  address  concerns  such  as  these,  a 
series  of  longitudinal  collaborative  research  projects  have 
been  conducted  between  university  personnel  aixl  four 
local  elementary  schools.  In  these  projects  a  significantiy 
different  perspective — ^with  technology  at  its  center — was 
taken  in  specifying  curriculimi,  instructional  focus,  and 
evaluation  meUsods. 


Curriculum  Focus 

The  curriculum  used  in  these  projects  was  conceptu- 
ally based  and  utilized  a  five-phase  aj^roach  which 
allowed  students  to  construct  mathematical  intuition  via 
physical  materials  (Peck  &  Connell,  1991).  In  tiiis 
approach,  the  initial  two  phases  made  use  of  physical 
materials  in  a  much  different  fashion  from  traditional 
approaches.  Rather  than  using  manipulatives  to  demon- 
strate procedures  or  rules,  problems  were  posed  which 
required  active  student  involvement  with  physical 
materials  to  model  matiiematical  situations,  deflne 
symbols,  and  develq)  solution  strategies  via  actions  with 
the  materials.  As  the  children  used  these  physical  materi- 
als to  solve  problems,  tiiey  actively  constructed  operations 
and  principles  of  arithmetic.  The  tiiird  phase  required 
students  to  sketch  tiie  physical  materials  and  situations 
experienced  as  a  means  of  encouraging  a  move  toward 
abstraction.  The  sketches  then  served  as  the  basis  for 
additional  problems  and  as  tools  for  thinking.  In  the 
fourth  phase,  tiie  children  constructed  mental  images 
through  imagining  actions  on  physical  materials.  The 
experiences  with  mental  images  provided  a  basis  for  the 
fifth  phase  where  students  constructed  strong  arithmetic 
generalizations  and  problem  solving  skills. 

The  computer  in  tiiis  project  was  just  another  "tool" 
available  to  the  students  in  their  ongoing  efforts  to 
construct  meaningful  methods  of  dealing  with  the 
problems  they  encountered.  The  nature  of  tiiis  tool,  which 
was  provided  for  students  to  "tiiink  with,**  came  to  st^pe 
tbeir  performance  and  cognitive  styles.  When  a  computer 
was  available  for  students*  use,  the  problem  solving 
situation  shifted  toward  tiie  identification  and  selection  of 
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what  data  to  include  in  the  problem,  identification  of  the 
problem  goals,  and  choosing  appropriate  procedures  and 
control  statements  to  use  to  obtain  and  verify  the  desired 
results.  As  a  consequence  of  this  instructional  sequence, 
the  children  constructed  a  series  of  related  mathematical 
concepts.  When  these  concepts  and  applications  were 
over-learned  the  students  instructed  a  Macintosh  via 
HyperTalk  to  carry  out  the  necessary  instructions  and 
operations  which  they  bad  derived. 

It  must  be  noted  that  although  the  computer  played  a 
pivotal  role  in  each  of  these  projects,  it  is  a  much  different 
role  than  that  usually  associated  with  computer  assisted 
instruction.  Rather  than  using  the  computer  for  its 
incredible  speed,  the  computer's  infinite  patience  and 
need  for  exactness  of  logic  and  clarity  of  expression  was 
utilized.  Such  use  of  the  computer  allowed  individual 
students  to  use  a  variety  of  techniques  and  representations 
as  a  means  of  sharing  their  developed  knowledge  and 
expertise  effectively.  The  computer  assumed  the  role  of 
an  active  listener  that  would  do  exactly  what  it  was  told, 
as  opposed  to  a  pre-programmed  instructor  requiring  a 
specific  type  of  answer. 

Throughout  each  project,  a  major  goal  of  the  curricu- 
lum was  to  enable  the  successive  internalization  and 
abstraction  of  the  preliminary  physical  experiences  the 
children  shared.  Each  of  the  outlined  phases  was  viewed 
as  a  ste  .  along  the  path  toward  eventual  mathematical 
abstraction.  For  example,  the  sketches  drew  much  of  their 
power  firom  earlier  experiences  with  objects.  In  a  similar 
fashion,  the  mental  images  reflected  the  sketches  and 
manipulations  performed  by  the  students.  The  interrelated 
nature  of  these  experiences  set  the  stage  for  abstractions 
and  the  intuitive  foundation  upon  which  the  abstractions 
could  safely  rest.  These  abstractions,  rather  than  being 
based  upon  a  single  demonstration  of  rules,  rested  upon  a 
tightly  woven  network  of  understandings. 

Instructional  focus 

An  explicit  instructional  objective  was  to  help  each 
child  find  a  way  to  answer  the  question,  "How  can  you 
tell  for  yourself?"  for  all  portions  of  the  mathematics  they 
were  learning.  The  instructors  shared  the  conmion  belief 
that  children  must  be  allowed  to  figure  things  out  and  be 
responsible  to  themselves,  not  a  teacher  or  answer  key, 
for  their  results.  It  was  felt  that  if  childrer*  ctne  to  engage  in 
thinking  about  and  solving  problems  for  themselves,  then 
they  must  have  a  "place"  to  go  in  order  to  be  able  to 
determine  if  they  are  making  sense.  Physical  objects  in 
this  instructional  model  served  this  purpose.  These 
beliefs,  coupled  with  the  earlier  described  curriculum 
focus,  led  to  the  following  principles  (Peck,  Jencks,  & 
ConneU,  1989): 


1.  The  instructor  did  not  explain.  The  instructor  served  as 
a  problem  poser,  skeptic,  and  question  asker  focusing 
upon  student  explanations, 

2.  Manipulations  with  physical  materials  defined 
meanings  which  were  associated  with  arithmetic 
symbols  and  operations.  Problems  were  developed 
requiring  an  appeal  to  those  objects  and  meanings. 

3.  The  instructor  attempted  to  enable  the  children  to 
internalize  and  abstract  their  experiences  by  requiring 
them  to  work  problems  in  the  absence  of  the  physical 
materials. 

4.  The  instructor  used  a  meaning-centered  evaluation 
scheme. 

Evaluation  Focus 

Evaluation  schemes  used  in  traditional  instruction 
often  appear  designed  to  identify  and  reward  "winners" 
over  "losers,"  using  information  acquired  from  measures 
of  success  or  failure  on  narrowly  prescribed  sets  of 
cognitive  tasks  (Corrigan,  1990),  In  an  approach  such  as 
the  one  utilized  in  the  studies  reported  here,  in  which 
every  child  is  to  be  given  the  chance  to  construct  the 
necessary  understandings  to  be  a  winner,  this  apjM^oach 
seemed  tremendously  wasteful  of  hmnan  potential. 

A  two-step  evaluation  scheme  was  used  to  guide 
classroom  instruction.  It  involved  the  use  of  Sato's 
Student-Problem  Chart  (Sato,  1990,  Switzer  &  ConneU, 
1990)  and  a  follow-up  teacher  interview  (Peck,  Jencks,  & 
ConneU,  1989).  Each  of  these  techniques  is  quite  effective 
alone,  but  when  used  together  they  have  been  found  to 
provide  a  very  efficient  methodology  in  assessing 
students*  understandings.  The  information  provided  in 
Sato's  reporting  format  allowed  the  teachers  to  identify 
quickly  both  problems  and  students  with  unusual  patterns 
of  responses  -  indicating  potential  sources  of  difficulty 
and  identifying  key  questions  to  ask  selected  students. 
This  approach  enabled  teachers  to  determine  whom  to  talk 
to  and  what  questions  to  ask  to  maximize  effectiveness  in 
the  interview  itselT.  Student  interviews  were  then  con- 
ducted to  evaluate  student  explanations  and  problems. 
These  foUow-up  interviews  with  key  students  and 
problems  provided  for  meaningful  feedback  on  Uie  results 
of  instruction  and  on  any  non-productive 
conceptuaUzations  that  may  have  been  constructed.  In 
short,  this  was  a  closer  examination  of  what  the  students 
were  thinking  and  not  just  what  they  were  doing. 

Findings 

As  might  be  expected,  the  data  <^athered  over  the 
course  of  these  studies  included  a  wide  variety  of  mea- 
sures. Although  other  data  were  gathered,  the  discussion 
wiU  focus  upon  two  primary  stfands  of  evidence,  one 
quantitative  and  one  qualitative.  Discussion  of  the  first 
strand  wiU  consist  of  a  series  of  analyses  performed  on 


580  Tochnology  and  Teacher  Education  Annual  —  1 993 

ERJC  5-.3 


the  pretest  and  posttest  data  collected  during  the  project's 
first  year.  The  second  strand  will  consist  of  extracts  from 
the  taped  interviews  and  student  notebooks  collected 
during  the  first  and  second  year.  The  nuxed  methodology 
discussed  in  the  previous  section  was  carried  out  through- 
out these  studies  as  a  means  of  guiding  the  instructional 
focus. 

Quantitative  Findings 

A  mathematics  inventcny  develq)ed  by  the  author  was 
used  to  gather  student  pre  and  post  data.  This  assessment 
had  been  used  in  earlier  studies  by  the  author  and  mapped 
nicely  to  the  curriculum  of  the  school.  For  this  study, 
validity  controls  were  constrained  to  face  and  content 
validity  as  determined  by  the  teachers  and  investigators 
taking  part  in  the  study.  It  should  be  noted  that  an  earlier 
extensive  cooperative  effort  with  a  district-level  evalua- 
tion team  (from  another  state)  had  been  undertaken  in 
which  extensive  item  analysis  was  performed  to  select  the 
best  items  and  establish  the  item-to-objective  mapping 
used  in  this  study.  Reliability  estimates  using  Cronbach's 
alpha  were  calculated  for  both  pretest  (alpha  =  ,74)  and 
posttest  (alpha  =  .84)  versions  of  the  inventory. 

An  initial  examination  of  the  pre  and  post  total  scores 
showed  that  growth  was  indeed  made  during  the  course  of 
the  year  (t  =  7,93,  p  <  .001).  Although  heartening,  this 
finding  must  be  tempered  with  the  realization  that  this 
intervention  took  place  over  the  course  of  a  year.  Had  a 
significant  difference  not  been  found  it  would  have  been 
cause  for  great  alarm  on  the  part  of  the  investigators,  not 
to  mention  the  local  school  authorities.  In  looking  at  the 
content  areas  measured,  and  in  light  of  the  instructional 
focus  of  the  year,  several  increases  worthy  of  notice  were 
observed.  Although  geometry  and  statistics  were  not 
formally  presented  during  the  year  these  scores  increased. 
It  was  in  the  areas  of  extended  mathematics  (pre-algebra) 
problems,  miscellaneous  jvoblems  (which  required  a 
variety  of  problem  solving  strategies),  and  estimation 
(which  although  not  formally  discussed  was  inherent  in 
all  student  work)  that  the  greatest  increases  in  student 
performance  were  observed.  A  near  doubling  in  student 
performance  in  each  of  these  areas  provides  strong 
evidence  that  the  instructional  emphasis  upon  student 
problem  solving  was  effective  for  this  group. 

An  additional  support  for  this  may  be  found  in 
examining  the  Modified  Caution  Signs  computed  for  the 
students  using  the  pre  and  post  assessment  This  index 
may  be  interpreted  in  the  following  manner:  an  A  type 
response  indicates  high  levels  of  performance  and 
consistent  patterns  of  item  response,  B  indicates  high 
performance  and  inconsistent  responses,  C  indicates  low 
levels  of  perforaiance  and  consistent  responses,  while  D 
represents  low  performance  and  inconsistent  patterns  of 
response.  The  number  of  students  identified  as  having 


type  A  responses  nearly  trebled  over  the  course  of  the 
intervention  while  the  number  of  students  having  type  B 
increased.  This  was  accompanied  by  a  corresponding 
decrease  in  the  nuatber  of  students  showing  C  and  D 
response  patterns. 

Quaiitotive  Findings 

The  reported  findings  derive  from  interviews  con- 
ducted throughout  the  interventions  and  from  the  student 
notebooks  in  which  the  students  wrote  five  minute 
reflections  of  their  work  at  the  end  of  each  session.  A 
major  observation  from  the  student  interviews  lay  in 
students'  perceptions  of  problems  and  the  associated 
problem  solving  efforts  which  they  attempted.  In  particu- 
lar, there  was  a  consistent  "reversion  to  form"  on  the  part 
of  the  students.  As  long  as  the  problems  made  sole  use  of 
newly  constructed  information  the  students  were  able  to 
utilize  their  developed  understandings.  They  were  able  to 
demonstrate  effective  problem  solving  strategies  which 
required  both  conceptual  and  procedural  understandings. 
This  situation  shifted  dramatically,  however,  whenever 
prior  knowledge  was  required  as  piji  of  the  problem 
solving  efforts. 

This  reversion  to  an  earlier,  simpler,  and  for  the  most 
part  inaccurate  level  of  functioning  occurred  most  often 
whenever  time  pressures  came  into  play  (such  as  those 
associated  with  a  test)  or  an  over-learned  piece  of  prior 
procedural  knowledge  was  involved  in  dealing  with  the 
problem  situation.  The  strength  and  persistence  of  this 
observation  suggest  that  great  caution  be  taken  regarding 
the  nature  of  the  initial  mathematical  experiences  pro- 
vided to  children. 

In  examining  student's  noteboc^s,  several  observa- 
tions seem  in  order.  First,  in  almost  every  case  there  was  a 
marked  increase  on  the  part  of  the  student  toward  self- 
posed  iMToblems  as  opposed  to  teacher  directed  problems. 
This  shift  took  place  at  different  times  for  different 
students,  but  was  nearly  uniform  throughout  the  class. 
These  self -posed  problems  came  to  be  a  driving  force  in 
the  instruction  and  a  source  of  student  pride  as  eviuenced 
by  the  student  notebooks.  The  appearance  of  a  substitute, 
as  evidenced  in  many  notebooks,  was  a  trying  ev€,nt  for 
the  children.  Many  of  them  dealt  with  this  by  doi  ig  it  **the 
old  way"  on  paper  and  then  "talking  about  it"  with  their 
friends.  Others  merely  "did  it  (the  problems)  the  old  way" 
and  then  complained  about  having  to  do  worksheets. 
Time  became  a  problem,  not  because  of  the  time  neces- 
sary for  conceptual  develojMnent,  but  because  time  would 
run  out.  The  children's  enthusiasm  was  evidenced  by  such 
comments  as  "It  was  time  to  go  but  I  had  to  try  it  one 
more  time  so  I  could  see  for  sure  it  worked"  which  was 
echoed  in  many  places  in  the  notebooks. 

Students  could  be  observed  to  be  actively  engaged  in 
solving  their  own  problems  based  upon  group  constructed 
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meanings  and  procedures.  The  motivation  came  from  the 
problem  situation  itself  and  the  computer  was  viewed  as  a 
tool  that  was  used  to  verify  independently  achieved 
results,  not  to  dictate  instruction.  The  result  was  a  marked 
shift  toward  successful  independent  problem  solving  as 
indicated  by  the  quantitative  analysis  and  borne  out  by 
interviews  and  observations. 

Innpiicaiions  and  Summary 

This  program  of  research  has  many  implications  for 
helping  educators  address  some  of  the  burning  issues 
facing  mathematics  education.  The  conceptual  frame  used 
in  this  set  of  endeavors  appears  to  provide  the  means  for  a 
continuing  and  deepening  awareness  that  understanding  is 
more  than  an  iterative  procedure  done  without  personal 
meaning.  The  author  is  reminded  that  many  of  the 
fractals,  conmionly  described  in  chaos  theory,  are 
generated  in  just  this  fashion  -  an  iterative  procedure, 
done  thousands  of  times  without  meaning  in  and  of  itself  - 
leading  to  chaos  (Gleick,  1987).  Understanding  in 
elementary  mathematics  must  involve  the  active  search 
for,  creation  of,  and  use  of  links  between  the  powerful 
abstractionj^  and  generali7f>.tions  of  mathematics  and  the 
world  of  personal  experiences  from  which  they  derive 
their  application  and  utility.  Cognitive  constructivism 
provides  a  valuable  set  of  perceptual  lenses  through  which 
to  look  at  the  problems  and  potentials  of  learning  in 
mathematics. 

In  summary,  students  typically  developed  the  follow- 
ing characteristics  during  the  course  of  each  intervention: 

1.  The  children  had  meanings  for  the  symbols  that  guided 
their  thinking. 

2.  Hie  students  were  active  as  opposed  to  passive  in  their 
attempts  to  learn. 

3.  The  students  developed  rules  as  conveniences,  not  as 
binding  procedures. 

4.  The  students  had  confidence  in  their  own  thinking  and 
could  decide  whether  they  were  making  sense. 

5.  The  students  were  able  to  readily  make  interpretations 
and  work  toward  solving  unfamiliar  problems. 

These  outcomes  seem  more  in  line  with  the  type  of 
mathematical  thinking  and  problem  solving  abilities 
required  of  the  upcoming  generation  as  widely  expressed 
by  NCTM  (1989).  The  key  elements  in  moving  these 
children  toward  these  higher  level  goals  appear  to  have 
been  the  use  of  physical  materials  which  embody  math- 
ematical situations,  posing  problems  about  the  materials, 
helping  the  students  internalize  their  experiences,  the  use 
of  the  computer  as  a  tool  for  the  expression  and  communi- 
cation of  their  developing  understandings,  and  gently  but 
firmly  insisting  that  the  children  use  the  materials  to  make 
their  own  decisions. 
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American  schools,  most  people  would  agree,  are  in 
deep  trouble.  The  National  Governors'  Associa 
tion  (1991)  cites  some  alanning  statistics: 

1.  High  school  achievement  is  lower  now  than  when  the 
Soviets  launched  Sputnik  34  years  ago. 

2.  Science  achievement  scores  have  been  declining  for 
30  years. 

3.  One-fourth  of  all  mathematics  taught  in  public 
colleges  is  remedial. 

4.  In  international  tests  of  student  achievement,  Ameri- 
cans never  scored  first. 

These  trends  appear  across  the  country  and  show  that 
the  average  citizen  is  becoming  less  intellectually 
capable:  less  each  year  and  less  through  generations.  This 
continuing  decline  puts  the  very  foundation  of  American 
democracy  at  risk. 

There  are  many  opinions  and  ideas  about  how  to  solve 
this  crisis  in  American  education.  Ideas  come  from  every 
sector  of  American  society  -  the  federal  government, 
private  coqx)rations  and  foundations,  researchers,  and 
leaders  in  education.  Most  experts  and  policy  makers 
agree  that  students  should  become  more  literate  in  science 
and  technology,  and  schools  should  become  more 
accountable. 

Maryland's  schools  reflect  the  national  trends,  and  the 
state's  response  to  this  crisis  has  been  swift  and  effective. 
In  1987,  fully  two  years  befwe  the  President's  education 
summit,  Maryland's  governor  established  the  Commis- 
sion on  School  Performance  to  study  education  through- 
out the  state  and  identify  needed  reforms.  As  a  result  of 
this  work,  the  State  Department  of  Education  created  the 
Maryland  School  Performance  Program  (MSPP)  which 
includes  definitions  of  learning  outcomes  for  students  in 
areas  of  reading,  writing,  mathematics,  and  science. 

In  the  area  of  science,  the  MSPP  seeks  to  define 
learning  outccMnes  that  prepare  youngsters  for  the 
information  age.  The  MSPP  challenges  students  to  (a) 
demonstrate  the  acquisition  and  integration  of  concepts, 
(b)  interpret  and  explain  information,  and  (c)  apply 
scientific  thinking  and  reasoning  in  making  personal 
decisions  about  issues  affecting  the  individual,  society, 
and  the  environment  The  major  concepts  and  unifying 
themes  revolve  around  life,  physical,  earth,  and  space 
sciences.  The  learning  outcomes  are  measured  by  perfor- 
mances which  demonstrate  the  thinking  and  acting 
inherent  in  the  practice  of  science  and  its  relevance  to 
decision-making  responsibilities  as  citizens  of  a  global 
community. 

Baltimore  City  mirrors  the  national  and  state  crisis  in  ' 
science  and  technology  education.  Baltimore  is  meeting 
the  challenge  by  preparing  students  to  be  sciences 
employees  of  the  future.  As  part  of  its  commitment  to 
provide  the  best  science,  mathematics,  and  technology 


A  school-ba$9d  training  program  for  applying  technology  to  olamentary  science  583 


596 


education,  the  Baltimore  City  Public  Schools  (BCPS)  has 
developed  Science:  Thinking,  Application,  and  Research 
Skills  (STARS),  a  curriculum  designed  to  be  implemented 
in  conjunction  with  school  restnicturing.  This  curriculum 
development  project,  funded  by  the  National  Science 
Foundation,  includes  leadership  uaining  for  educators 
who  are  interested  in  becoming  hands-on  science  "lead 
teachers**  in  their  schools. 

Federal  Hill  Elementary  School  completed  the  initial 
steps  for  restructuring  to  be  a  model  science-technologj' 
school.  It  adopted  the  STARS  hands-on  science  curricu- 
lum, identified  lead  teachers,  included  special  needs 
students  in  the  curriculum,  and  acquired  basic  hardware 
and  software.  Subsequent  training  ensured  the  implemen- 
tation of  technology  in  the  classroom  as  an  integral 
instructional  tool. 

The  purpose  of  this  project  was  to  provide  training  for 
faculty  and  staff  of  one  BCPS  elementary  school  in  the 
use  of  technology  in  order  to  implement  the  existiiig 
hands-on  science  curriculum  aaoss  the  disciplines  with 
all  students.  The  training  outcomes  were  (a)  the  teachers* 
expanded  knowledge  of  elementary  life,  chemistry, 
physics,  and  earth  science  concepts,  (b)  implementation 
of  model  lessons  that  integrated  technology  with  the 
STARS  science  units  by  using  elementary  level  tool 
software  (i.e.,  word  processing,  graphics,  desktop 
publishing,  database,  and  spreadsheets),  commercial 
interfacing  devices,  on-line  electronic  databases,  and  CD- 
ROM  resource  materials,  (c)  inclusion  of  students  with 
special  needs  in  the  full  range  of  science  activities,  (d) 
development  of  performance-based  assessments  for 
monitoring  student  progress,  and  (e)  adequate  preparation 
for  teachers  so  they  can  support  and  coach  other  BCPS 
elementary  teachers. 

Methods 

The  training  used  the  resident  computer  equipment  (a 
distributed  networic  with  45  IBM  work  stations  placed 
throughout  the  instructional  areas)  and  software  and 
commercial  interfacing  devices  applicable  to  the  STARS 
curriculum  materials.  The  entire  staff  -  ten  regular 
(including  "lead")  science  teachers,  two  special  education 
teachers,  one  resource  teacher,  the  principal  and  one 
instructional  aide  serving  as  computer  coordinator  - 
participated  in  the  training  program.  The  year-long 
training  included  twelve  weekly  sessions  through  the 
spring,  five  consecutive  days  during  the  summer,  and  ten 
weekly  sessions  in  the  fall.  The  training  sequence 
consisted  of  instruction  in  a  particular  technology  tool  and 
ways  that  tool  could  be  used  to  implement  a  particular 
science  unit  across  the  other  disciplines,  development  of 
model  lessons  with  adaptations  for  special  needs  students, 
development  of  performance  assessment  items,  practice 
with  the  technology  and  applications  in  instruction,  and 


feedback  for  revision  and  refinement  of  lessons.  Training 
sessions  were  led  by  the  project  coordinator  assisted  by  an 
education  instructional  specialist  consultant  from  IBM. 
Frequent  site  visits  between  sessions  were  made  to 
support  implementation* 

AsMssment  Proceduros 

Two  Concerns-based  Adoption  Model  (CB  AM) 
assessment  dimensions,  Stages  of  Concern  (SoC)  and 
Levels  of  Use  (LoU),  were  used  to  measure  the  innova- 
tion defined  as  the  integration  of  technology  in  the 
STARS  science  curriculum  and  across  the  curriculum. 
The  SoC  questionnaire  addresses  (a)  how  individuals 
perceive  an  innovation  and  (b)  the  concerns  that  they  have 
about  the  effects  of  implementing  it  (Hall,  George,  & 
Rutherford,  1979).  It  is  a  standard  35-item  questionnaire 
which  addresses  seven  types  of  concerns  that  individuals 
experience  as  they  implement  new  i  rograms.  These  range 
from  early  concerns  about  "self,"  to  concerns  about 
"tasks,"  and  finally  to  concerns  about  "impact." 

The  LoU  Interview  reflects  the  performance  changes 
as  the  individual  becomes  more  familiar  with  an  innova- 
tion and  more  skillful  in  using  it  (Hall,  Loucks, 
Rutherford,  &  Newlove,  1975).  The  LoU  focuses  on 
whether  or  not  the  educator  is  using  an  innovation  and,  if 
so,  the  level  of  implementation.  Typically  an  individual 
begins  with  LoU  0  (**non-use"  of  the  innovation),  then 
moves  to  LoU  I  ("orientation"  about  the  innovation)  and 
LoU  II  ("preparation"  for  use  of  the  innovation).  Initial 
use  at  LoU  ill  is  "mechanical,"  but  as  experience  in- 
CTeases,  innovation  users  progress  to  LoU  IVA  ("routine" 
level  of  use)  and  eventually  may  reach  various  "refine- 
ment" levels  designated  as  LoU  IVB,  V,  and  VI,  where 
changes  are  made  based  on  formal  and  informal  assess- 
ments of  student  needs.  These  eight  distinct  LoU  are 
descriptions  of  a  user's  behavior  rather  than  attitudinal  or 
motivational  aspects  of  a  user's  implementation. 

Results 

The  results  for  pre-training  assessment  will  be 
presented  and  indications  of  change  after  training  will  be 
described.  Twelve  staff  completed  the  SoC  questionnaire 
in  March,  1992.  Two  teachers  had  concerns  at  the 
Awareness  stage  indicating  little  concern  or  involvement 
with  the  innovation.  Ten  teachers  had  intense  concerns  at 
the  Informational  and  Personal  stages.  These  participants 
indicated  a  general  awareness  of  the  innovation  and  an 
interest  in  receiving  more  information  about  the  require- 
ments, general  characteristics,  and  effects.  However,  there 
was  great  concern  about  the  expectations  and  personal 
demands  that  would  be  incurred. 

Participants  completed  the  second  adminisuration  of 
the  SoC  in  November,  1992,  following  the  series  of 
training  sessions.  Initial  analysis  indicates  that  concerns 
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are  becoming  more  intense  at  the  Management  and 
Consequence  stages.  Those  teachers  reflecting  manage- 
ment concerns  are  focusing  on  efficiency,  organization, 
and  scheduling  issues  relevant  to  implementation  of  the 
innovation  as  presented  in  the  training.  The  Consequence 
stage  implies  a  concern  for  the  effects  of  the  innovation 
on  the  students  and  their  performance  outcomes. 

The  LoU  interview  was  also  administered  to  the  staff 
in  March,  1992.  All  but  one  teacher  reported  activities 
indicative  of  the  Preparation  (II)  level.  They  were 
engaged  in  learning  about  the  innovation  and  the  require- 
ments for  use  and  were  preparing  to  begin  as  soon  as  the 
necessary  equipment  was  installed  in  their  classrooms. 
One  teacher  was  less  involved  in  jM'eparation  for  begin- 
ning implementing  the  innovation  but  was  interested  in 
Orientation  (I)  activities  for  finding  additional  informa- 
tion about  the  innovation. 

The  second  administration  of  the  LoU  questionnaire 
was  conducted  in  November,  1992.  Preliminary  analysis 
indicates  that  ten  teachers  are  now  actively  implementing 
the  innovation  at  Level  III,  the  Mechanical  Use  level. 
Although  using  technology  regularly,  they  are  consumed 
with  organizational  issues  revolving  around  grouping 
students,  scheduling  activities,  and  relating  the  technology 
to  the  curriculum.  Lack  of  preparation  time  is  reported  as 
the  major  barrier  to  implementation  of  the  innovation  as 
routine  procedure  in  instruction.  The  two  teachers  not  yet 
at  Level  III  are  at  the  Preparation  Level  II.  A  delay  in 
installation  of  the  equipment  in  their  instructional  areas 
have  impaired  their  implementation  efforts. 

Conclusions 

The  developers  of  the  CB  AM  model  contend  that 
innovation  adopters'  concerns  change  in  a  logical  and 
predictable  progression  as  users  become  increasingly 
skilled  in  using  an  innovation  (Hall  &  Hord,  1987).  They 
further  suggest  that  the  LoU  defines  steps  in  growth 
toward  sophisticated  use  of  an  innovation.  To  facilitate 
growth  of  implementors  and  increase  use  of  an  innova- 
tion, strategies  must  be  developed.  The  progress  toward 
innovatiwi  adoption  in  this  project  indicates  that  the  on- 
site  training  model  is  employing  effective  strategies  for 
facilitating  change  in  instruction  in  this  elementary 
school. 

Products  for  the  training  include  teacher-developed 
lessons  to  be  used  with  the  STARS  curriculum.  Approxi- 
mately 25  lessons  with  computer  activities  have  been 
produced.  Teachers  are  referring  to  these  lessons  in  their 
instructional  plans  as  well  as  sharing  their  plans  with 
other  teachers  at  the  same  grade  level.  They  have  also 
designed  four  thematic  units  which  incorporate  science 
topics  across  the  curriculum  with  applications  for  technol- 
ogy in  all  the  activities.  Most  activities  are  planned  for 
cooperative  learning  groups  which  include  students  with 


special  needs.  The  special  education  teachers  collaborate 
with  the  lead  science  teachers  in  planning  instruction. 

Finally,  a  science-technology  conference,  open  to  the 
parents,  school  board,  and  community  partners,  was  held 
in  October,  1992,  to  demonstrate  the  science/technology 
activities.  Students  demonstrated  computer  applications 
for  model  science  and  mathematics  lessons  at  each  work 
station,  the  CD-ROM  learning  station,  and  the  Personal 
Science  Laboratory.  Reports  generated  on  the  word 
processor  and  illustrated  by  the  graphics  programs  were 
displayed  on  bulletin  boards.  Students  representing  each 
class  described  their  involvement  with  computers  in  the 
classroom.  Several  special  education  students  participated 
in  the  demonstrations,  displays,  and  presentations.  As  the 
guests  observed  in  each  class,  the  teachers  explained  their 
strategies  for  implementing  science/technology  instruc- 
tion with  computers. 

The  training  model  included  strategies  not  only  for 
delivery  of  information  but  also  for  development  of 
materials  and  activities  that  required  the  participants  to 
become  facile  with  the  innovation.  Teachers  were  actively 
engaged  in  identifying  the  concepts  pertinent  to  their  own 
teaching  assignments.  Opportunities  for  immediate 
applications  facilitated  the  development  of  competency 
with  the  technology  and  utilization  in  instruction.  The 
assessment  procedures  confirmed  that  as  the  staff  gained 
experience  with  the  innovation,  their  personal  concerns 
dissipated  and  their  level  of  use  progressed  toward  routine 
implementation. 

Continued  training  will  support  the  progression  of 
adoption,  particularly  as  it  affects  students.  Future 
training  will  include  strategies  for  assessing  student 
performance  and  for  collaborating  with  other  teachers 
regarding  the  innovation.  The  impact  on  students  will  be 
assessed  by  changes  in  attendance,  achievement  scores, 
and  parental  involvement  Opportunity  for  collaboration 
will  be  facilitated  by  extension  of  the  training  to  staff  of 
four  other  elementary  BCPS  schools.  The  staff  will  serve 
as  peer  coaches  to  new  trainees;  the  building  will  serve  as 
the  model  site  for  the  innovation.  The  effects  of  training 
with  peer  coaching  will  provide  direction  for  planning 
future  staff  development  activities  for  implementing 
technology  in  science  and  across  the  curriculum. 
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Prelect  ObjactivM 

The  objective  of  the  project  is  to  create  and  imple 
ment  integrated  middle  sdiool  mathematics/ 
science  units,  using  microoMnputer  technology. 
The  same  students  will  be  learning  mathematics  concepts 
and  science  concepts  from  the  same  units.  Teachers  and 
students  will  see  and  emphasize  the  integration  of 
mathematics  and  science. 

CourM  Formcrt 

The  workshop  is  conducted  as  a  one-week  residential 
program.  The  course  is  designed  around  a  school  bmlding 
team  model,  which  provides  the  following  advantages: 

1.  Opportunities  for  cooperative  learning  and  individual 
accountability 

2.  Continuous  {banning  which  mcreases  the  potential  for 
curriculum  and  instructional  changes  to  occur  follow- 
ing the  course 

3.  A  support  system  for  individuals  as  they  implement 
change 

The  participant  teams  were  one  science  teacher  and 
one  mathematics  teacher  from  the  same  grade  level  and 
building.  It  is  possible  that  some  teams  may  have  a  third 
member,  the  technology  teacher  ftom  the  same  middle 
school. 

Course  Contont 

The  course  is  an  experiential  workshop  format  The 
workshop's  focus  is  on  flight.  This  topic  was  chosen  for 
several  reasons.  First,  tlie  middle  level  curriculum 
contains  the  study  of  physical  science  and  earth  science. 
Second,  the  topic  is  rich  in  ideas  that  may  be  used  in 
science  and  mathematics.  Tbird,  the  intrinsic  motivation 
of  the  concepts  attract  and  hold  the  interest  of  the  middle 
level  learner.  Fourth,  the  topic  provides  a  wide  variety  of 
"hands-on**  activities  that  are  appropriate  for  the  middle 
school. 

The  course  addresses  the  general  goals  for  students  as 
proposed  by  NCTM  (1989).  These  goals  for  students  are 
(a)  that  they  learn  to  value  mathematics,  (b)  that  they 
become  confident  in  their  ability  to  do  mathematics,  (c) 
that  they  become  mathematical  problem  solvers,  (d)  that 
they  learn  to  communicate  mathemadcally,  and  (e)  that 
they  learn  to  reason  mathematically.  These  goals  imply 
that  students  need  to  be  involved  with  well  designed, 
success-oriented  experiences  that  will  help  ther.i  develop 
their  mathematical  expertise.  Special  attention  is  paid  to 
the  report  of  Project  2061  indicating  the  importance  of  the 
scientific  process;  that  is,  investigative  question,  experi- 
mentation, data  collection,  analysis,  and  hypothesis 
testing. 

The  course  also  addresses  the  characteristics  and 
needs  of  the  middle  level  student.  As  changes  occur  in 
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students*  intellectual,  psychological,  social,  and  physical 
developments,  they  begin  to  develop  their  abilities  to 
think  and  reason  abstractly.  However,  throughout  this 
time,  concrete  experiences  continue  to  be  the  means  used 
to  construct  knowledge.  Teachers  participating  in  the 
project  have  an  opportunity  to  study  the  latest  research 
related  to  brain  growth  and  cognitive  development  and  to 
experience  the  teaching  of  mathematics  and  science  using 
technology  in  a  manner  which  best  addresses  the  needs  of 
the  young  adolescent.  The  unit  on  flight  mcludes  the 
study  of  concepts  related  to  powered,  and  non-powered 
flight,  as  well  as  space  exploration. 

Recent  curricula  projects  are  used  to  achieve  the  goals. 
Concepts  and  materials  from  Challenge  of  the  Unknown, 
the  Quantitative  Literacy  project,  and  the  Middle  Grades 
Mathematics  Project  are  used  in  the  unit.  All  related  units 
from  the  Teaching  Integrated  Mathematics  and  Science 
(TIMS)  project  are  presented.  The  presentation  and 
integration  of  the  followmg  appropriate  software  is 
included. 

Data  Insights  (Sunburst) 

Playing  with  Science:  Motion  (Sunburst) 

Insights  into  Science  Data  (Sunburst) 

Discovery!  Experiences  with  Scientific  Reasoning 

(Miliiken) 

Science  Tool  Kit  Module  1:  Motion  (Broderbund) 
Flight  Simulator  (MicroSoft) 
Paper  Airplane  Pilot  (MECC) 
Rocket  Simulator  (Estes) 
Inieractive  Physics  (Wmgs) 

Involving  local  scientists  in  a  schcwl's  instructional 
program  is  modeled  with  presentations  by  field  personnel 
from  the  Experimental  Aircraft  Association  (EAA) — a 
hang  glider  enthusiast,  a  pilot,  and  a  meteorologist. 
Participant  teams  are  assisted  in  the  process  of  making 
similar  connections  in  their  community.  Throughout  the 
unit,  the  fundamentals  of  scientific  inquiry  are  presented; 
that  is,  generate  data,  collect  data,  analyze  data,  and  draw 
conclusions. 

Cours#  Content  Outline 

I.  Orientation 

A.  Pretest 

B .  Physical,  emotional,  and  cognitive  development 
of  middle  level  learners 

C.  Discussion  of  Project  2061  and  NCTM  (1989) 

D.  Concepts  of  integrated  curricula 

E.  Cooperative  learning 

II.  Flight 

A.  Kites,  Planes,  Gliders,  Water  Rockets, 
Estes  Rockets 

B .  Rubber  Band  Trajectory  unit 

C.  Clinometer  use  and  construction 


D.    NASA  Bulletin  Board  System  (BBS) 
Ill.Integrated  Teaching 

A.  Science,  mathematics,  technology  goals 

B.  Mutual  planmng 

C.  Administrative  and  parental  understanding  and 
support 

Day-by-Doy  Plan 

Monday 

AM  Flight  Unit  Video  Introduction 

Construct  Estes  Model  Rocket 

Rubber  Band  Cannons 

Clinometers 
PM  Water  Rockets  (build,  launch,  collect  data, 
mathematics  connections,  and  analysis) 

Bottle  Launcher 
Eve  Data  analysis  -  Data  Insights 

Computer  software  review 
Tuesday 

AM  Paper  Airplanes  (build,  launch,  collect  data, 

mathematics  connections,  and  analysis) 

Rubber  Band  Airplanes  (build,  launch,  collect 
data,  mathematics  connections,  and  analysis) 

PM  Plastic  Battery  Powered  Airplanes  (buUd,  launch, 

collect  data,  mathematics  connections,  and  analysis) 
Launch  Estes  Rockets 

Eve  Software 

Factors  &  Multiples 
Wednesday 

AM  Kites  (TMS) 

Tetraliedral  Kites  (build,  launch,  collect  data, 
mathemadcs  connections,  and  analysis) 

PM  Challenge  of  the  Unknown  (review  materials) 

Eve  Unit  planning  and  writing 
Thursday 

AM  Field  trip  to  EAA 

PM  Field  trip  EAA/Airport/Control  Tower/Hang 
Gliding  Demo 

Eve  Student  Assessment  Procedures 
NASA  BBS 

Friday 

AM  Flight  Fair  Competitions 
Paper  Airplanes 
Kites 

Water  Rockets 
PM  Flight  Fair  Competitions 
Rubber  Band  Cannons 
Rubber  Band  Airplanes 
Estes  Rockets 
Water  Rockets 
Bottle  Launcher 
Flight  Fair  Awards 
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In  North  Carolina,  there  is  an  announced  state  policy 
that  beginning  in  spring  1993,  students  in  grades  6-8 
will  be  required  to  use  fraction  calculators  on  end-of- 
year  tests  in  niathematics.  Approximately  15%  of  the 
items  will  be  completed  without  use  of  a  calculator,  but 
the  remaining  85%  will  be  written  with  the  assumption 
that  students  have  calculators  available  to  use.  This 
requirement  has  caught  most  school  districts  and  ahnost 
all  teachers  by  surprise;  there  has  been  little  planning  to 
provide  inservice  for  teachers  on  appropriate  and  effective 
ways  to  use  calculators  in  instruction.  Yet,  if  students  are 
going  to  be  successful  on  these  new  tests,  calculators  need 
to  be  used  regularly  and  systematically  during  nonnal 
instruction.  Teachers  undoubtedly  need  some  assistance 
in  learning  how  to  use  calculators  in  instruction  to 
increase  conceptual  understanding  of  mathematics. 

A  distinction  should  be  made  between  "instruction 
allowing  calculators'*  and  "instruction  supplmented  by 
calculators."  When  teachers  provide  instruction  allowing 
calculators,  students  are  given  traditional  lessons  and  may 
choose  whether  to  use  calculators.  When  teachers  provide 
instruction  supplemented  by  calculators,  the  power  of  the 
calculator  becomes  an  integral  part  of  instruction. 
Calculators  are  used  to  enhance  understanding  of  math- 
ematical concepts  as  well  as  to  support  rapid  computing. 

Calculator  Inservice  Project 

This  inservice  was  part  of  a  three-year  project  de- 
signed to  help  middle  school  teachers  learn  to  teach 
mathematics  supplemented  by  fraction,  scientific,  and 
graphing  calculators.  Participants  were  23  middle  school 
teachers  (22  female,  1  male)  selected  from  among 
teachers  who  affiled  to  the  project.  The  teachers  were 
from  central  North  Carolina;  minimum  teaching  experi- 
ence was  three  years  at  the  middle  school  level.  As  part  of 
the  application,  each  teacher  had  to  obtain  district  support 
for  (a)  access  to  classroom  sets  of  calculators  and  (b) 
release  time  to  attend  follow-up  meetings  during  succeed- 
ing academic  Jtars. 

During  the  first  semester  of  the  project  (Spring  1992), 
teachers  participated  in  a  series  of  four  Saturday  work- 
shops designed  to  introduce  the  capabilities  of  the  three 
calculators.  Original  plans  called  foe  one  workshop  on  the 
fraction  calculator,  one  on  the  scientific  calculator,  and 
two  on  the  graphing  calculator.  However,  the  pace  of  the 
workshops  had  to  be  slowed,  resulting  in  about  equal 
amounts  of  time  devoted  to  each  of  thi^  calculators. 
During  this  semester,  the  project's  advisory  committee 
suggested  that  since  the  graphing  calculator  would  be 
heavily  used  during  a  summer  course  on  functions,  time 
devoted  to  that  calculator  during  the  spring  workshops 
could  be  decreased. 

Workshop  activities  were  designed  to  be  similar  to 
activities  ^propriate  for  middle  school  students,  though 
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no  attempt  was  made  to  restrict  the  language  of  the 
activities  to  be  at  the  level  of  middle  school  students. 
Rather,  the  activities  were  designed  for  adult  learners. 
Sources  of  activities  included  Bright,  Usnick,  and 
Lamphere  (1989),  Kenelly  and  Harvey  (1992),  and 
Williams,  Copley,  Bright,  and  Lamphere  (undated  -  a, 
undated  -  b). 

Toochw  Survey  Data 

At  the  beginning  of  this  project,  a  variety  of  informa- 
tion was  gathered,  through  surveys  and  individual 
interviews,  to  document  the  teachers*  expmence  with  and 
attitudes  toward  calculator  use  in  middle  school  math- 
ematics instruction.  This  report  deals  with  the  initial 
attitudes  and  understandings  of  the  participants  concern- 
ing calculator  use  in  the  classroom.  It  also  traces  some  of 
the  teachers'  reactions  to  the  information  and  materials 
presented  in  the  four  Saturday  sessions. 

Like  most  other  teachers  in  the  state,  the  project 
teachers  began  this  project  with  very  little  experience 
using  calculators  in  mathematics  instniction.  The  fact  that 
the  teachers  were  willing  to  apply  for  the  project  and 
commit  three  summers  of  their  time  to  take  graduate 
courses  suggests  that  they  may  have  been  more  concerned 
about  calculator  use  than  other  teachers  and  more  open  to 
the  use  of  calculators  in  normal  instruction.  Nonetheless, 
the  initial  data  on  the  project  participants  reveal  some- 
thing of  the  **prevailing  condition"  of  middle  school 
math/'matics  teachers. 


One  question  asked  teachers  to  rate  their  knowledge, 
experience,  and  confidence  about  the  use  of  four  types  of 
calculators  (Table  1).  A  five-point  scale  was  used:  1  (low) 
to  5  (high).  As  expected,  the  teachers  bad  the  most 
experience  with  four-function  calculators  and  the  least 
experience  with  graphing  calculators.  However,  the 
greater  experience  with  fraction  calculators  as  opposed  to 
scientific  calculators  was  somewhat  c    surprise,  since 
scientific  calculators  have  been  more  widely  available 
than  fraction  calculators.  When  teachers  were  asked  in  the 
interviews  which  calculators  (other  than  four-function) 
they  had  used,  12  mentioned  fraction  calculators,  8 
mentioned  scientific  calculators,  4  mentioned  graphing 
calculators,  and  5  said  they  had  no  experience.  Six 
teachers  listed  two  types  of  calculators,  but  no  teacher 
mentioned  all  three  types. 

Further,  teachers  were  asked  to  list  the  three  most 
important  concerns  about  the  use  of  calculators  in 
instruction  for  four  groups:  themselves,  other  teachers, 
principals,  aiKl  parents.  The  most  frequent  responses  are 
given  in  Table  2.  (Since  each  teacher  listed  three  concerns 
it  was  possible  for  counts  to  exceed  23.)  One  surprise  was 
their  p^ceptions  of  the  concerns  of  school  priiK:ipals. 

Workshop  Evaluations 

Workshop  evaluations  were  positive,  but  several  items 
specifically  addressed  opinions  of  teachers  relative  to 
ttieir  perceptions  of  the  information  presented,  appit^ri- 
ateness  of  activities,  and  aspects  of  calculator  use  in 


Table  1 

Teachers'  Mean  Ratings  of  Knowledge,  Experience,  and  Confidence 


Type  of  Caiculator  Knowledge  Experience  Confidence 


Four-function  3.8  4.1  3.5 

Fraction  2.6  2.6  2.7 

Scientific  2.2  2.3  2.4 

Graphing  1.7  1.6  1.8 


Table  2 


Number  of  Times  Concerns  Were  Listed  about  Calculators  in  Instruction 

Concern 

Personal 

Other  Teachers 

Principals 

Parents 

Cost/availability 

21 

19 

27 

17 

Student  dependence/Loss  of  basic  skills 

17 

11 

3 

23 

Time  in  the  cuiriculum 

7 

3 

4 

0 

Testing 

3 

2 

3 

2 

Teacher  qualifications/teacher  education 

4 

8 

8 

1 
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Table  3 

Workshop  Evaluotlons 


Workshop 


Item 


One 

Two 

Three 

Four 

2.2 

3.2 

3.3 

2.6 

4.9 

4.3 

4.3 

4.2 

4.6 

4.6 

4.7 

4.6 

1.2 

1.8 

1.5 

1.2 

Session  contained  too  much  information 

Handouts  were  worthwhile 

Calculator  use  is  unportant  in  instruction 

I  don' t  yet  see  ways  to  use  calculators  in  my  own  teaching 


instruction.  Again,  a  5-point  scale  was  used  (Table  3). 
The  differences  for  the  first  workshop  may  reflect  the 
greater  experience  that  teachers  had  with  fraction  calcula- 
tes. 

Participant  Interviews 

The  project  staff  interviewed  each  participant; 
interviews  were  tape  recorded  and  transcribed.  Each 
interview  explored  a  number  of  issues  related  to  the  use  of 
calculators  m  mstruction.  Examination  of  the  interviews 
revealed  three  main  themes:  (a)  learning  basic  computa- 
tional skills,  (b)  management  of  calculators  in  the 
classroom,  and  (c)  calculator  use  and  mathematical 
thinking.  Toward  the  end  of  each  interview,  participants 
were  specifically  asked  what  barriers  prevented  them 
from  using  calculators  in  insuiiction  and  whether  calcula- 
tor use  would  help  or  hinder  students'  learning  of  math- 
ematics, (Throughout  the  paper,  indented  material  is 
quoted  directly  from  transcripts  of  the  teacher  interviews.) 

Basic  Skills 

Participants  shared  the  expectation  that  their  students 
must  learn  "basic  skills."  In  fact,  each  of  the  23  teachers 
said  somewhere  m  the  interview  that  students  need  to  be 
able  to  do  coniputations  without  any  calculator,  though 
they  had  only  vague  notions  of  the  specific  types  of 
computations  that  they  wanted  students  to  be  able  to  do. 
Further,  participants  shared  a  concern  that  calculators 
would  mterfere  with  learning  basic  computational  skills. 
This  concern  was  revealed  in  several  types  of  comments, 
which  are  paraphrased  below. 
1 .  There  need  to  be  limits  on  when  calculators  are 
available  for  use.  When  students  are  demonstrating 
their  mastery  of  basic  skills  (on  tests,  homework,  or 
class  work),  calculators  should  not  be  allowed.  (Of  the 
23  teachers,  17  agreed  that  calculator  use  would  be 
appropriate  on  non- computation  portions  of  tests,  4 
said  that  calculators  should  be  universally  banned 
from  tests,  and  2  said  that  calculators  should  be 
universally  available.  In  contrast,  the  teachers  were 
much  more  willing  to  allow  use  of  calculators  on 
homework,) 


2.  Skills  need  to  be  learned  before  calculators  are  given 
to  students  to  use.  I  want  to  be  sure  students  can  carry 
out  a  process  before  calculators  are  used.  Even  if 
calculators  are  used,  students  need  to  explain  and 
record  the  process  involved.  Calculators  should  be 
used  mainly  for  checking  work  that  students  have 
already  done  on  paper, 

I  used  them  [fraction  calculators]  with  my  students. 
And  to  tell  you  the  truth,  they  were  so  tickled  with  the 
calculatCM",  they  didn't  want  to  do  it  themselves.  They 
wanted  that  calculator,  and  it  was  hard  for  me  to  teach 
them  the  old  way  after  they  had  seen  this  calculator 
that  could  do  it  for  them.  So  I  think  next  year  what  I'U 
try  to  do  is  make  sure  they  can  do  it  for  themselves 
first. 

3.  I  am  concerned  that  students  will  become  dependent 
on  calculators.  If  the  batteries  **die,"  students  need  to 
be  able  to  do  computation  by  hand. 

Sometimes  students  will  rely  on  a  calculator  immedi- 
ately for  a  lot  of  things  that  they  could  do  quick  or 
mentally. 

They  [students]  might  not  always  have  a  calculator 
and  I  think  it's  necessary  that  they  need  to  be  able  to 
do  these  things  by  hand  without  the  calculator. ...  The 
problem  I'm  having  ...  is  knowing  when  to  let  them 
use  the  calculators. ...  I'm  tiie  type  of  person  that  likes 
to  know  that  they  know  how  to  do  it  without  havmg  a 
calculator  there.  If  the  calculator  is  not  going  to  be 
there  are  they  going  to  be  able  to  do  it?  Therefore,  I 
like  to  see  all  steps  worked  out. ...  After  a  while,  I'll 
let  students  skip  steps  and  take  shortcuts  which  the 
calculator  will  do,  but  I  don't  like  it  done  right  off. 

Management 

There  were  several  components  of  the  concern  about 
management  of  calculators  in  the  classroom. 
1 .  Would  calculators  be  available  for  all  students  to  use? 
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2.  Would  only  one  type  of  calculator  be  available  in  the 
class? 

3.  How  would  teachers  distribute  and  collect  calculators 
in  each  period? 

4.  Who  is  responsible  for  breakage  and  theft? 

5.  Would  students  tend  to  damage  or  steal  the  calcula- 
tors? 

6.  Would  the  school  replace  broken  or  lost  calculators? 

Teachers  seemed  most  concmied  about  equity  of 
access  for  students.  A  few  teachers  wondered  whether  it 
was  fair  for  some  students  to  have  calculators  at  home 
while  other  students  did  not.  None  of  the  teachers, 
however,  indicated  that  they  had  given  any  thought  to 
finding  ways  to  structure  homewcHk  assignments  to 
overcOTie  the  possible  inequities  of  availability  of 
calculatcM^.  Too,  some  teachers  recognized  that  it  might 
be  difficult  to  teach  if  students  were  using  different  types 
of  calculators  in  class,  especially  for  scientific  or  graphing 
calculators.  Finally,  teachers  were  concerned  about 
calculates*  theft  and  about  students*  carelessness  that 
might  result  in  damage  to  calculates.  Teachers  seemed 
concerned  about  maintaining  class  sets  of  calculators  in 
working  order 

Colculotors  and  Thinking 

Teachers  universally  agreed  that  calculators  would 
change  students'  thinking.  Atone  level  this  is  related  to 
the  concern  about  loss  of  basic  skills,  in  the  sense  that 
teachers  were  concerned  that  students  would  stop  thinking 
about  basic  facts.  However,  14  of  the  teachers  also 
mentioned  that  calculator  use  would  allow  students  to  do 
problem  solving,  exploring,  patterning,  or  enrichment. 
Three  teachers  suggested  that  calculator  use  would  give 
students  more  confidence  to  approach  mathematics,  but 
none  of  these  three  mentioned  that  calculators  would 
support  increased  problem  solving  by  students. 

Barriers 

By  far,  the  most  common  barrier  was  availability  of 
calculators,  which  was  mentioned  by  10  teachers.  Time 
was  also  mentioned  as  a  barrier. 

I  will  probably  be  the  only  teacher  at  my  school  with  a 
set. ...  I  don't  know  how  the  teachers  at  my  school 
feel,  so  I  think  it  would  help  if  there  were  some  sort  of 
training  where  other  teachers  would  feel  that  calcula- 
tor use  was  okay. ...  Tbe/e's  still  a  lot  of  teachers,  I 
think  that  think  no  it's  not  a  good  idea. ...  They  want  to 
know  why  I'm  using  them  and  how  is  it  helpful.  But 
they  don't  say  "Well  I  don't  think  you  should."  I  think 
they're  interested  in  learning  more  about  them. ...  In 


our  network ...  one  of  the  topics  that  teachers  really 
wanted  more  information  about  was  calculators  and 
computer  use  in  the  classroom. 

We  have  objective  based  teaching  and  we  have  an  X 
amount  of  objectives  that  we  have  to  cover  and  that  we 
have  to  test  and  that  students  have  to  pass  the  test 
without  a  calculator. ...  We're  responsible  and  ac- 
countable for  that  and  I  find  it  veiy  difficult  to  get 
those  objectives  taught  aiid  find  time  to  use  the 
calculator,  even  to  reinforce.  They're  so  packed  with 
objectives,  so  many  that  we  have  to  cover,  that  is  like 
very  minimum  amount  of  time  that  we  have  to  get  it 
done  and  to  get  it  covered. 

Calculators:  Help  or  Hindrance? 

All  23  teachers  indicated  that  calculators  would,  at 
least  in  some  circumstances,  be  a  help  to  students  as  the^ 
learned  mathematics. 

I  think  they're  very  helpful ...  especially ...  the 
[fraction]  calculator.  ...You  see  the  relationships 
between  fractions  and  decimals  and  p)ercents. ...  I  think 
a  lot  of  my  students  in  past  year  have  never  understood 
[those  relationships]. 

A  lot  of  times  kids  make  silly  errors  because  they're 
under  pressure  to  do  it  right  or  they  forget  to  add  every 
grouping  number  or  they  group  incorrecdy  because 
they're  rushing.  There's  just  a  lot  of  careless  errors. 
And  I  think  with  the  calculator —  if  you're  teaching 
the  child  that  the  calculator  is  there  to  ge  a  sensible 
answer  and  to  let  them  remember  that  the  calculator's 
there  to  help  them,  but  they  still  have  to  think  logi- 
cally, then  it  can  assist  them. 

Well  I  think  they  can  be  a  help  and  a  hindrance.  I've 
had  students  who  would  tell  me  well  the  calculator 
says  this  is  the  answer,  so  this  must  be  the  right 
answer.  And  not  realizing  that  they  could  have  hit  the 
wrong  keys.  They  could  have  entered  something 
wrong.  Just  because  the  calculator  says  12  does  not 
convince  me  that  the  answer  is  12. 

I  think  they  [calculators]  help.  I  think  for  the  advanced 
student  who  catches  onto  things  very  quickly,  I  think 
they  get  very  bored  doing  rote  type  stuff.  They've 
already  learned  the  concept  and  the  calculator  enables 
them  to  just  go  on  with  it,  go  fiirther.  For  the  lower 
students  I  think  I  have  found  that  if  I  had  them  work  it 
out  by  hand  first  and  then  give  them  a  calculator  and 
now  say  okay  I  want  you  to  check  yourself,  they  gain 
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more  confidence  because  they're  able  to  self-check. 
For  that  reason  I  think  it  really  helps  a  lot  It  helps  all 
ranges  of  students  and  that' s  what  I  like  about  it. 

I  like  the  way  that ...  you  just  punched  things  in  and 
got  your  answers  and  I  like  the  thought  questions  that 
come  after  it.  ...You're  going  to  have  to  work  it  in  a 
lot,  if  you  do  it  that  way,  because  ...  to  give  the 
children  that  much  time  are  you  going  Vy  be  able  to 
cover  all  that  you  need  to  cover?  So  you  see,  if  I  had 
enough  time  I  really  like  ...  just  plugging  the  things  in, 
then  asking  the  kids  questions  about  it  and  getting 
them  to  understand  what's  happened.  So  I  think  it 
could  be  a  help  if  used  correctly. 

Conclusions 

First,  knowledge,  experience,  and  confidence  about 
calculator  use  seem  highly  related.  In  part,  this  is  sup- 
ported by  the  fact  that  the  order  of  the  averages  for  the 
four  types  of  calculators  (Table  1)  is  identical  for  each  of 
the  areas  of  knowledge,  experience,  and  confidence.  Also, 
the  magnitudes  of  the  averages  for  each  type  of  calculator 
are  similar.  We  had  expected  that  confidence  would  be 
rated  lower  than  knowledge  and  experience,  so  this  result 
is  surprising. 

Second,  participants  perceived  that  principals  are  more 
concerned  with  cost/availability  of  calculators  than  other 
groups  and  less  concerned  about  student  dependency  on 
calculators  or  on  loss  of  basic  skills.  Given  the  emphasis 
in  North  Carolina  on  increasing  test  scores,  the  second  of 
these  perceptions  is  mildly  surprising. 

Third,  at  the  start  of  our  project,  participants  clearly 
believed  that  students  should  be  able  to  perform  basic 
computational  skills  before  calculators  are  universally 
allowed.  It  is  interesting  that  this  view  is  in  opposition  to 
recommendations  of  the  National  Council  of  Teachers  of 
Mathematics  (NCTM,  1989, 1991).  NCTM  suggests  that 
calculators  should  be  available  during  instruction  that 
leads  to  mastery  of  basic  skills.  Workshop  leaders  need  to 
acknowledge  this  discrepancy  and  to  help  teachers  deal 
with  it. 

Fourth,  participants  believed  that  calculators  would  be 
an  asset  when  sUidents  are  learning  higher  level  math- 
ematics or  problem  solving.  Most  agreed  that  calculators 
should  be  available  when  lessons  involve  skills  other  than 
basic  computational  skills.  Workshop  leaders  can  use  this 
belief  to  advantage  by  providing  experiences  for  teachers 
which  develop  both  problem  solving  and  "basic"  skills 
simultaneously. 

Fifth,  participants  felt  that  management  of  calculators 
in  the  classroom  would  be  a  major  difficulty.  This 
concern  should  decrease  as  teachers  gain  experience; 
indeed,  research  based  on  the  Concems  Based  Adoption 
Model  (CB  AM)  seems  to  support  this  expectation  (e.g.. 


Hall  &  Hord,  1987).  Barriers  cited  by  the  teachers  are 
characteristic  of  CBAM's  "management"  level.  CHAM 
research  consistently  shows  that  teachers  are  likely  to 
move  through  this  stage  into  the  **impact"  stage;  that  is, 
the  stage  in  which  teachers  are  concerned  about  how 
calculators  affea  students'  learning. 

Sixth,  participants  believed  that  calculator  use  will 
ultimately  help  sUidents  leam  mathematics.  They  believed 
that  calculators  may  enhance  understanding,  provided  that 
instruction  is  designed  with  that  goal  in  mind.  But 
students  should  not  simply  be  allowed  to  use  calculators 
without  guidance.  Participants  believed  that  calculators 
must  become  part  of  the  curriculum  and  wanted  to  leam 
how  to  use  calculators  effectively.  Workshop  leaders  can 
build  on  these  views. 

Seventh,  participants  seemed  to  get  overloaded  during 
the  second  session  on  the  scientific  calculator.  This 
overload  may  have  reflected  the  fact  that  participants  did 
not  immediately  see  how  this  type  of  calculator  could  be 
used  in  instruction.  Workshop  leaders  need  to  be  aware  of 
the  potential  for  overloading  teachers  if  different  kinds  of 
calculators  are  introduced  too  quickly  in  workshops. 

Eighth,  across  the  four  workshops,  the  ratings  of  the 
handouts  decreased.  This  might  be  due  to  the  fact  that  the 
handouts  came  from  different  sources,  but  it  also  might  be 
due  to  the  fact  that  in  successive  workshops  the  calcula- 
tors became  more  sophisticated  and  less  familiar.  Gr^h- 
ing  calculators  may  be  so  atypical  for  middle  school 
instruction  that  middle  school  teachers  have  difficulty 
seeing  how  those  calculators  could  be  used  effectively. 
They  might  rate  the  handouts  as  less  worthwhile  because 
they  see  less  direct  ^plicability  to  their  own  teaching. 

Introductory  calculator  workshops  can  help  teachers 
begin  to  understand  how  to  incorpwate  calculators  into 
mathematics  instruction,  though  expectations  should  not 
be  high  that  teachers  can  move  quickly  through  stages  of 
concern  and  implementation.  Workshop  leaders  need  to 
be  sensitive  not  only  to  where  middle  school  teachers 
begin  the  journey  of  learning  how  to  teach  mathematics 
with  calculators  but  also  how  far  they  can  travel  in  a  short 
period  of  time. 

Support  for  this  project  was  provided  by  the  National 
Science  Foundation  (grant  no.  TPE-9153702).  All 
opinions  expressed,  however,  are  those  of  the  authors  and 
do  not  necessarily  reflect  the  positions  of  NSF  or  any 
other  government  agency. 
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Iheoreticol  Background 

It  has  been  suggested  that  educational  refonn  efforts 
must  combine  three  agendas  in  order  for  pennanent 
and  meanmgful  change  to  occur:  learning  and 
teaching,  appropriate  use  of  technology,  and  restructuring 
of  the  curriculum  (Sheingold,  1991).  Planning  for  change 
requires  articulation  of  a  direction  for  change  as  well  as 
an  understanding  of  the  change  process  (Harvey,  1990; 
Rogers,  1983). 

In  the  fall  of  1991,  the  Casio  Corporation  donated 
1500  Casio  OH-7000G  overhead  graphics  calculators  and 
200  training  videos  for  Oklahoma's  middle  school 
mathematics  classrooms.  Distribution  and  networking 
efforts  were  funded  by  The  Oklahoma  State  Regents  for 
Higher  Education  through  a  Quality  Initiative  Grant  to  the 
University  of  Oklahoma.  Networking  strategies  were  used 
to  meet  the  agendas  for  teaching,  learning,  and  the 
appropriate  use  of  calculators.  Suategies  for  change  were 
consistent  with  and  informed  by  the  vision  of  mathemat- 
ics teaching  and  learning  articulated  by  the  National 
Council  of  Teachers  of  Mathematics  (NCTM,  1989, 
1991). 

Changing  perceptions  about  mathematics  leaching, 
learning,  and  the  use  of  technology  require  the  same  kind 
of  paradigm  shift  necessary  for  the  adoption  of  new 
scientific  theories.  Changes  in  theory  result  in  changes  in 
how  reality  is  shaped  and  interpreted  as  well  as  how 
meaning  is  derived  (Kuhn,  1970;  Suppe,  1979). 
Constructivism  offers  a  theoretical  framework  for 
understanding  change  at  the  organizational  as  well  as 
individual  levels  while  offering  insight  into  the  network- 
ing strategies  employed  by  this  project. 

From  a  constructi  vist  perspective,  change  at  both  the 
organismic  and  organizational  levels  includes  the  pro- 
cesses of  adaptation  and  self-regulation.  At  the  individual 
level,  changes  in  conceptual  understanding  occur  as 
mental  stnx:tures  adapt  through  the  processes  of  assimila- 
tion and  accommodation  (Piaget,  1970).  Social  change 
likewise  requires  adaptation  as  the  community  assimilates 
or  acconmiodates  new  or  revised  organizational  or 
meaning  structures.  Self-regulation  is  part  of  the  change 
process  as  individuals  and  organizations  reflect  upon, 
monitor,  and  adjust  strategies  and  behaviors.  Cognitive 
conflict,  experimentation,  and  reflection  are  essential 
ingredients  for  individual  as  well  as  organizational  change 
and  can  be  expected  throughout  the  change  process. 
Change  results  in  new  meanings  and  learning,  while 
uncertainty,  confusion,  and  problems  are  inherent  to  and 
necessary  for  successful  change  to  occur  and  become 
permanent  (Fullan  &  Miles,  1992;  Suppe,  1979). 

Educational  reform  efforts  require  the  cooperation  and 
leadership  of  teachers  in  order  for  permanent  change  to 
occur  (Berman  &  McLaughlin,  1977, 1978).  Teachers* 
knowledge,  attitudes,  and  beliefs  have  been  shown  to 
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effect  the  success  of  reform  efforts  (Clark  &  Peterson, 
1986;  Fennema&  Franke,  1992;  Thompson,  1992).  While 
it  has  been  suggested  that  changes  in  beliefs  precede 
changes  in  practice  (Richardson,  Anders,  Tidwell,  & 
Lloyd,  1991),  there  is  some  evidence  that  knowledge, 
attitudes,  beliefs,  and  practice  are  more  uiteractive  and 
interdependent  than  once  thought  (Franke,  Fennema, 
Carpenter  &  Ansell,  1992).  Negotiation  must  occur 
throughout  the  change  process  as  individuals  and  the 
learning  community  struggle  to  construct  meaning  from 
the  changing  environment  (Vygotsky,  1978)  while 
theories  or  paradigms  adjust  in  order  to  establish  harmony 
and  eliminate  dissonance  (Suppe,  1979). 

Negotiation  in  the  learning  environment  is  enhanced 
when  networking  strategies  are  employed.  Networking 
provides  opportunities  for  informal  and  formal  organiza- 
tional arrangements,  modeling  of  materials,  personnel  and 
materials  support,  communication  and  dissemination  of 
ideas,  and  the  expans*  jn  of  leadership  opportunities. 
From  a  constructivist/social  learning  theoretic  perspec- 
tive, these  interventions  must  maintain  fluidity  as  the 
learning  environment  adapts  to  change  and  reinterprets 
meaning.  Key  to  the  success  of  this  project  was  the 
establishment  of  a  network  of  education  professionals  as 
described  below. 

Netwoiking  os  on  Attemotiva  to  TrocUttonol 
In$ervic0 

The  defining  characteristics  of  networks  in  the  field  of 
electrical  engineering  include  "1.  the  nature  and  value  of 
the  elements  forming  the  network,  such  as  resistors, 
inductors,  transistors,  and  so  forth,  [and]  2.  the  way  these 
elements  are  connected  together"  (Deo,  1974,  p.  4).  Just 
as  an  electrical  network  or  circuit  is  identified  and  defined 
by  its  parts  and  the  arrangement  of  those  parts,  an 
educational  network  is  defined  by  its  individual  compo- 
nents and  the  relationship  among  the  components.  The 
final  production  or  outcome  of  any  network,  whether  the 
components  are  resistors  and  capacitors  or  human  beings, 
is  dependent  upon  and  can  be  predicted  from  its  inherent 
structure. 

Rather  than  indoctrinating  teachers  to  a  particular 
point  of  view  or  methodology,  teacher  networks  provide 
opportunities  for  classroom  teachers  to  iake  leaJership 
roles  in  the  development  and  sharing  of  curriculum 
materials  and  pedagogical  approaches  (Liebeiman  & 
McLaughlin,  1992;  Watts  &  CasUe,  1992).  As  the 
teaching-learning  community  struggles  with  change, 
networks  provide  opportunities  for  teachers  to  construct 
meaning  and  adapt  to  change.  Traditional  inservice 
attempts  fail  to  consider  the  potential  impact  of  teachers 
for  affecting  change  as  well  as  their  individual  and 
collective  needs  to  struggle  with  change.  It  is  no  seaet 
that  traditional  inservice  opportunities  have  limited 


success  in  affecting  permanent  curricular  reform 
(Lieberman  &  McLaughhn,  1992)  largely  due  to  limited 
empowerment  of  teachers  during  the  development  and 
implementation  of  curricular  and  pedagogic  change. 

Hie  human  components  of  this  projea*s  netw  ork 
included  university  and  state  department  personnt  J, 
educational  innovators,  early  adopters,  opinion  leaders, 
latent  adopters,  and  resistors  to  change.  These  individuals 
assumed  various  roles  which  contributed  to  the  success  of 
the  project.  Five  strategies  were  employed  which  con- 
nected diese  individuals  and  defined  the  networic. 

1 .  Identify  and  solicit  support  from  a  population  of 
mathematics  education  innovators,  early  adopters  and 
opinion  leaders. 

2.  Create  a  new  leadership  cohort  from  among  the  ranks. 

3.  Articulate  the  vision  and  model  materials  for  the  new 
leaders  to  dissemmate. 

4.  Employ  rapid  dissemination  strategies. 

5.  Establish  follow-up  communication  links. 

Networking  Strategies 
Strategy  One:  Identify  and  solicit  support  from  a 
population  of  mathematics  education  innovators,  early 
adopters  and  opinion  leaders. 

Project  personnel  invited  recognized  leaders  in  the 
mathematics  education  community  to  attend  a  full-day 
workshop.  Invited  participants  included  classroom 
teachers,  mathematics  district  coordinators,  and  university 
instructors.  All  participants  were  active,  lerders  in  state 
and  district  professional  mathematics  organizations  and 
were  familiar  with  the  vision  and  focus  of  NCTTM  (1989). 

The  purposes  of  the  workshop  were  (a)  to  discuss  the 
project  goals  and  rapid  dissemination  strategies,  (b)  to 
familiarize  the  group  with  the  features  and  pedagogic 
potential  of  the  Casio  OH-7(XX)G,  (c)  to  solicit  sugges- 
tions concerning  appropriate  curricular  and  pedagogic 
applications  for  the  graphmg  calculator  for  'Jiiddle  school 
mathematics,  and  (d)  to  identify  a  group  of  prospective 
leaders  across  the  state  who  would  serve  as  regional 
workshop  facilitators.  Collaborative  problem  solving 
strategies  (Strudler,  1992)  for  decision  making  concerning 
the  content  and  delivery  of  calculator  workshops  contrib- 
uted to  the  success  of  the  project  in  several  ways.  By 
gaining  the  support,  drawing  upon  the  expertise,  and 
tapping  the  enthusiasm  of  recognized  mathematics  leaders 
and  innovatws,  the  project  gained  acceptability  while 
coimnunity  commitment  to  and  ownership  of  the  goals  of 
the  project  was  expanded. 

Strategy  Two:  Create  a  new  leadership  cohort  from 
among  the  ranks. 

The  identification  of  qualified  facilitators  is  essential 
to  the  success  of  teacher  networks  designed  to  promote 
change  (V/atts  &  CasUe,  1992).  This  project  utilized  a 
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pyramid  approach  to  identify  potential  workshop  facilita- 
tors, provide  inservice  opportunities  to  classroom  teach- 
ers, and  distribute  canicular  materials.  By  expanding  the 
leadership  pool,  distribution  efforts  and  communication 
links  were  facilitated  while  conrniilment  to  the  project 
was  enhanced. 

Forty-five  classroom  teachers  and  mathematics 
coordinators  from  across  the  state  were  selected  for 
participation  in  the  facilitators  workshop.  Although  many 
of  the  workshop  facilitators  had  been  ^proached  by 
project  personnel  to  participate  in  the  training  efforts  of 
the  project  based  upon  recommendations  by  the  initial 
consulting  group,  several  individuals  volunteered  for  the 
project  in  response  to  state- wide  efforts  to  solicit  facilita- 
tors and  participants.  Interest  in  the  project  was  extremely 
high  due  to  the  advanced  support  of  the  consultant-leaders 
and  to  the  publicity  concerning  the  calculator  give-away 
for  workshop  participants. 

Strategy  Three:  Articulate  tlie  vision  and  model  materi- 
als for  the  new  leaders  to  disseminate. 

Thirty-five  (rf  the  45  individuals  selected  as  workshop 
facilitators  attended  a  facilitator*  s  wofkshc^  designed  to  articulate 
the  viskxi  and  model  materials  and  methods  for  the  distribution 
and  training  of  1  S(X)  nikidle  school  mathematics  teacheis. 
Wofkshop  materials  wei^e  devetopedby  the  prc^  academic 
cocHdinatofs  with  advk:e  and  recommendations  frcxn  the  im 
consultant  groiq>.  Facilitators  attended  a  one-day  woikshop  with 
the  puiposes  (tf  (a)  leamin  g  the  features  and  operations  of  the 
Casio  OH-7000G  graphing  calculator,  (b)  participating  in 
modeling  opportunities  for  problem  solving  and  reasoning 
directed  towaids  the  middle  school  curriculum,  and  (c)  discuss- 
ing wofksbop  coocxlination  and  facilitator  re$)X)nsibilities  for 
distribution  efforts.  Modeling  activities  included  aconservation 
of  areaand perimeter  prol^em,  population  sampling  activities, 
and  probability  experinients. 

Each  facilitator  agreed  to  conduct  workshops  in  one  of 
the  six  regional  Professional  Development  Centers 
(PDCs)  across  the  state,  at  state  mathematics  teacher 
conferences,  and  during  district  meetings.  Calculators  and 
support  materials  were  distributed  to  the  six  PDCs  across 
the  state  for  ease  of  transfer  to  the  facilitators.  Times  for 
many  of  the  workshops  had  already  been  reserved  and 
advertised  by  the  PDCs,  so  facilitators  were  able  to  sign- 
up to  conduct  specific  workshops.  Facilitators  received 
stipends  for  conducting  workshops  once  their  obligations 
of  training  approximately  fifty  teachers  each  had  been 
fulfilled. 

Strategy  Four:  Employ  rapid  dissemination  strategies. 

Perhaps  an  over-looked  component  for  affecting 
pedagogic  and  curricular  change  is  the  distribution 
strategy.  Pilot  sites  or  limited  populations  are  ofttn  tht 
only  initial  beneficiaries  of  new  programs  or  innovations. 


A  strengUi  of  this  project  was  rapid  dissenunation 
strategies  that  had  a  wide-spread  impact  on  the  entire 
middle  school  mathematics  education  community.  In  less 
than  a  six-month  period,  1500  middle  school  mathematics 
teachers  attended  workshops  which  modeled  materials 
and  discussed  the  vision  of  mathematics  education 
specified  by  the  project.  Each  teacher  received  an 
overhead  graphing  calculator  for  use  in  the  teaching  of 
matiiematics  at  the  middle  school  level.  Because  work- 
shop facilitators  were  located  throughout  the  state  and 
associated  witii  regional  PDCs,  opportunities  for  fonnal 
and  continued  communication  links  were  maximized. 

Strategy  Five:  Establish  follow-up  communication  links. 

Funding  is  currently  being  solicited  for  maintaining 
communication  links  and  fonnalizing  akeady  existing 
informal  communication  networks.  Even  the  most 
ambitious  and  well  received  innovation  will  falter  if 
prolonged  inservice  opportunities  are  not  available 
(Berman  &  McLaughlin,  1977).  While  teachers  struggle 
with  change  and  accommodate  new  meaning  structures  in 
tiieir  teac  ing  paradigms,  opportunities  to  share  difficul- 
ties and  successes  are  important.  Educational  change  does 
not  occur  at  the  individual  level  witiiin  single  classrooms, 
but  entails  a  renegotiation  within  the  entire  mathematics 
education  community. 

With  respect  to  this  project,  links  among  project 
personnel,  facilitators,  and  teachers  who  attended  calcula- 
tor woricshops  have  been  erratic.  Through  other  math- 
ematics modeling  grants,  a  handful  of  teachers  have 
received  prolonged  support  services  and  continued 
contact  with  university  project  personnel  in  the  fonn  of 
site  visits  and  modeling  of  teaching  strategies  in  the 
schools.  More  widespread  efforts,  however,  are  currently 
awaiting  approval  of  funding  agencies. 

Conclusions 

The  networking  strategies  used  in  this  project  enabled 
teachers  to  establish  a  learning  community  with  a  shared 
vision  of  mathematics  education  which  emphasized  the 
applications  for  and  uses  of  technology  in  the  teaching  of 
middle  school  mathematics.  Disseminating  curricular 
materials  to  and  training  over  half  of  the  middle  school 
teachers  in  the  state  occurred  in  a  very  short  period  of 
time.  In  contrast  witii  most  insei*vice  opportunities  which 
have  set  agendas,  teacher  networks  provide  for  discourse 
within  the  teaching  community.  Opportunities  for 
professional  growth  and  risk-taking  are  enhanced  as 
networking  communities  place  a  value  on  the  exploraaon 
and  exchange  of  ideas.  Still  lacking  in  this  project  is  the 
funding  necessary  to  maintain  formal  communication 
links  among  project  personnel,  workshop  facilitators,  and 
classrocm  teachers  participating  in  the  project. 
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District  teacher  teams 
integrating  teclinology 
into  the  mathematics/ 
science  curriculum 

Henry  S.  Kepner.  Jr. 
University  of  Wisconsin-Miiwaukee 


Historically,  technology  was  omitted  in  the  study 
of  mathematics.  Although  available  for  some 
time,  calculators  were  typically  allowed  only 
after  students  had  mastered  the  paper  and  pencil  skills  the 
technology  could  replace.  For  more  than  a  decade, 
technology  was  often  hidden  from  all  but  those  students 
in  the  academic  tracks.  This  perspective  eliminated 
substantive  experiences  in  mathematics  exploration  from 
most  student  work  in  K-i2  education,  in  spite  of  the  caU 
for  reform  in  mathematics  and  the  growing  availability  of 
inexpensive,  user-friendly  equipment.  Currently,  how- 
ever, technology  has  invaded  the  mathematics  classroom, 
in  part  because  of  the  refonn  movement  supported  by  the 
National  Council  of  Teachers  of  Mathematics  (NCTM, 
1989, 1991). 

In  the  early  stages  of  technology  introduction,  the 
equipment  was  often  taught  as  a  subject  unto  itself. 
Technology  was  often  used  to  teach  traditional  topics  - 
many  of  which  were  of  less  value  because  of  technology. 
For  example,  many  early  instructional  computing  systems 
included  drill  and  practice  programs  on  such  topics  as  the 
long  division  algorithm.  In  most  schools,  technology  was 
not  used  uniformly  or  effectively  by  the  entire  staff,  even 
in  a  given  department  or  cluster.  Often  tliose  who 
purchased  or  pursued  the  technology  on  their  own  used  it, 
while  others  ignored  it. 

This  project  was  designed  to  prepare  teachers  to  use 
technology  in  a  constructive  and  effective  manner.  The 
focus  was  on  appropriate,  effective  use  of  the  technology 
in  the  classroom  and  the  dissemination  of  such  uses  to  the 
entire  mathematics  staff  in  a  district  and  the  professional 
mathematics  education  conununity.  In  contrast  to  the 
typical  approach  of  one  teacher  from  a  district  exploring  a 
new  teaching  activity,  this  project  would  prepare  a  district 
team  to  use  the  technology,  to  train  others  to  use  it 
effectively,  and  to  provide  district  leadership  in  the  use  of 
technology.  From  discussions  with  leaders  in  the  area  of 
educational  change,  a  team  of  five  was  considered  for 
most  effective  support. 

Procedures 

Team  Selection 

The  project  extended  over  three  years  (Summer,  1990 
-  Spring,  1993).  In  contrast  to  many  such  projects  where 
individual  teachers  participate  and  return  to  their  schools 
to  resume  an  existence  in  isolation,  this  project  required 
district  teams  to  participate.  Ten  districts  from  southeast- 
em  Wisconsin  participated.  The  goal  was  to  prepare  these 
teams  to  be  change  agents  in  their  districts  and  in  the 
profession.  In  particular,  the  team  members  were  to  use 
technology  appropriately  in  the  teaching  of  mathematics 
as  recommended  in  the  mathematics  reform  in  middle 
schools  and  high  schools.  Teams  were  expected  to 
prepaie  and  deliver  staff  development  programs  for  their 


600  Technology  and  Teacher  Education  Annual  — 1993 


613 


colleagues  in  the  district,  in  other  districts,  and  at  profes- 
sional meetings.  In  order  to  do  that,  each  team  was 
established  with  two  middle  school  mathematics  teachers, 
two  high  school  mathematics  teachers,  and  a  non- 
mathematics  teacher,  llie  fifth  teacher  was  from  science, 
social  studies,  language  arts,  or  an  instructional  support 
center.  The  non-mathematics  teacher  was  included  to  give 
continual  attention  to  applying  mathematics  and  technol- 
ogy to  the  student  learning  environment  across  the 
curriculum.  The  strongest  examples  were  in  the  use  of 
statistics  across  the  curriculum. 

Due  to  the  lateness  of  the  grant  award,  many  districts 
were  not  able  to  recruit  teams  fulfilling  all  of  the  criteria 
because  summer  plans  had  already  been  made  by  many 
individuals.  Team  selection  was,  therefore,  adjusted.  Six 
full  teams  were  selected  from  Milwaukee  suburban 
districts.  The  Milwaukee  Public  Schools,  which  was 
divided  into  six  Regional  Service  Areas,  submitted  three 
teams,  each  from  a  different  service  area;  one  of  these 
teams  had  only  middle  school  membership  when  high 
school  members  from  that  region  co'  \d  not  be  recruited. 
(The  school  represented  by  this  team  was  designated  to 
become  a  mathematics/science  middle  school  for  the 
city.)  One  team  of  high  school  faculty  from  one  district 
and  middle  school  staff  from  a  second  district  was 
created.  Non-mathematics  teachers  included  three 
physics/chemistry  high  school  teachers,  two  life/eartli 
science  teachers  (one  high  school,  one  middle  school),  a 
high  school  learning  center  coordinator  with  a  back- 
ground in  language  arts,  a  high  school  social  studies 
teacher,  and  three  middle  school  teachers  with  back- 
grounds in  language  arts  and  social  studies. 

Instructional  Team 

The  project's  instructional  team  required  to  deliver 
this  wide  array  of  skills  and  provide  constructive  support 
included  university  and  school  personnel.  Major  mstruc- 
lion  was  provided  by  a  mathematics  educator;  a  profes  or 
of  applied  mathematics;  two  educational  psychologists 
with  expertise  in  leammg  theory  and  education  of 
minority  and  at-risk  students,  respectively;  faculty  in 
science  education  and  social  studies  education;  a  profes- 
sor in  educational  change  strategies;  and  four  highly 
skilled  and  recognized  public  school  mathematics 
educators,  including  -  two  Presidential  Awaidees  in 
Mathematics.  This  team  worked  with  the  participants  at 
various  points  in  the  program  and  were  available  as 
resources  throughout  the  project,  for  both  instructors  and 
participants. 

First  Year 

The  focus  during  the  first  year  was  on  teacher  aware- 
ness and  mcreased  competence  with  technology  (calcula- 
tors, computer  software,  manipulatives),  expanded  teacher 


knowledge  of  mathematics,  and  teacher  awareness  of  new 
instructional  strategies  (e.g.,  cooperative  learning, 
improved  classroom  discourse)*  This  was  an  intense, 
often  anxious  experience  for  the  project  participants. 
Many  felt  exposed  to  much  more  material  than  they  could 
master  at  one  time.  During  the  summer  and  the  first 
school  year,  the  participants  experienced  the  need  to  focus 
on  a  small  number  of  changes  they  could  accomplish 
while  keepmg  an  awareness  of  next  steps  to  take.  The 
personal  acceptance  of  being  able  to  do  a  small  amount  of 
what  they  learned  was  a  most  critical  lesson. 

For  many  of  the  participants,  an  early  change  in 
curriculum  was  the  inclusion  of  data  analysis  concepts 
and  techniques.  Data  analysis  activities  were  model 
settings  for  a  range  of  mathematics  reform  expectations 
for  both  students  and  teachers.  Motivation  for  standard 
mathematical  topics  and  techniques  could  be  generated 
from  the  experiential  nature  of  data  collection,  organiza- 
tion, and  interpretation  in  problems  thai  students 
"owned."  This  approach  eased  the  use  of  mathematics  m 
other  courses  -  social  science,  science,  and  even  language 
arts  -  as  well  as  the  use  of  topics  from  dbose  disciplines  in 
mathematics.  Tliis  approach  blended  well  m\h  not  only 
reduced  emphasis  on  computation  and  mastery  of  paper- 
pencil  algorithms  but  also  increased  emphasis  on  estima- 
tion, mental  arithmetic,  and  use  of  technology. 

Three  Saturday  sessions  were  held  throughout  the  year 
which  encouraged  sharing  and  reflection  based  on 
experiences  with  tht  technology  and  manipulatives  and 
on  student  reactions.  Key  materials  included  Kepner 
(1988),  NCTM  (1989),  Coxford  and  Sfaulte  (1988), 
Lindquist  and  Shulte  (1987),  (jtouws  and  Cooney  (1988), 
and  Wagner  and  Kieran  (1989). 

Second  Year 

During  the  second  sunmier,  there  was  a  revisitaiion  of 
the  original  topics  and  software  with  a  planned  extension 
to  more  refined  classroom  lesson  plans  and  the  prepara- 
tion of  staff  development  materials  for  use  in  district  and 
professional  meetings.  The  teams  shared  units  ii]  presenta- 
tions and  critiques,  most  involving  technology  as  an 
everyday  learning  tool.  This  sharing  was  a  major  step  m 
the  encouragement  of  teachers  to  refine  lessons  through 
in-depth  discussions  with  colleagues.  This  mteraction  is 
described  as  a  mainstay  of  the  Japanese  system,  but  it  is 
seldom  used  in  this  country,  primarily  because  of  tlK. 
teacher  woiicday,  both  scheduled  and  expected,  which 
does  not  provide  substantive  time  or  expectations  for 
teachers  to  share  professional  ideas  on  the  fine-tuning  of 
instruction.  This  sharing  was  exceptionally  rich,  in  terms 
of  teachers*  providing  constructive  criticism,  sharing 
student  perspectives  and  alternatives,  and  addressing 
issues  of  assessing  student  performance  beyond  algorithm 
mastery  and  memorization. 
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In  the  second  summer,  the  non-mathematics  teachers 
produced  examples  of  activities  and  lessons  which 
applied  statistics  and  other  mathematical  concepts  and 
procedures  to  topics  outside  of  school  mathematics.  A 
special  focus  on  the  constructive  perspective  on  how 
students  leam  mathematics  was  included  along  with  a  full 
strand  on  dealing  with  at-risk  students  in  an  urban 
environment.  Additionally,  the  mathematics  teachers 
refined  their  skills  with  technology  and  with  methods  of 
implementation  that  were  tried  with  various  degrees  of 
success  during  year  one.  Key  materials  included  Joyce 
and  Weil  (1986),  KeneUy  (1989),  Kulm  (1990),  Stcen 
(1990),  Kepner  (1990),  NCTM  (1991),  Cooney  and 
Hirsch  (1990),  and  Charles  and  SUver  (1988). 

Two  Saturday  sessions  were  held  during  the  school 
year  similar  to  the  first  year.  A  third  Saturday  was 
incorporated  into  a  Wisconsin  Mathematics  Council  full- 
day  seminar  on  technology  in  mathematics  attended  by 
over  350  participants.  It  was  hosted  by  one  of  the  districts 
in  the  project  under  the  leadership  of  that  team. 

Third  Year 

The  third  sun\mer  focused  on  extension  of  the 
previous  topics  along  with  a  major  focus  on  the  teaching 
of  algebra  and  algebraic  reasoning  and  assessment  with 
the  forthcoming  infusion  of  technology.  In  particular, 
participants  studied  uses  of  the  Computer  Intensive 
Algebra  materials  and  the  use  of  spreadsheets  as  powerful 
tools  in  the  building  of  experimenting  with  rate  of  change 
and  many  of  the  standard  algebra  conceptual  topics.  There 
was  also  in-depth  experimentation  on  geometry  tools 
(e.g.,  Bennett^  Hartman,  &  Rasmussen,  1991).  Several 
participants  have  since  begun  to  use  these  tools  on  a  daily 
or  weekly  basis  in  instruction. 

Issues  and  examples  of  alternative  forms  of  assess- 
ment were  continued.  In  addition,  the  teachers  had  a 
substantial  exposure  to  the  research  on  change  and 
strategies  of  change  for  the  school  as  an  institution.  Key 
materials  included  American  Statistical  Association 
(1991),  and  various  NCTM  publications  produced  in 
support  of  NCTM  (1989,  1991).  Two  Saturday  sessions 
are  scheduled  for  the  1992-93  school  year  along  with 
participation  in  a  second  annual  technology  conference 
held  in  the  state. 

Results 

Survey  data  and  daily  logs  on  each  of  the  teacher 
participants  were  collected  annually,  along  with  four 
classroom  observations  of  each  project  teacher  and 
interviews  with  building  principals.  While  the  analysis  of 
these  data  are  not  complete,  there  are  indications  of  the 
changes  in  teachers  and  changes  in  the  district  mathemat- 
ics curriculum  and  staff  development  activities. 


Individuals 

Over  the  three-year  project,  41  of  the  nearly  50  initial 
teachers  remained  in  the  project.  Seven  teachers  withdrew 
from  the  program,  mamly  because  of  jobs  changes.  Most 
often,  qualified  teachers  from  the  same  school,  who  knew 
about  and  supported  the  project,  replaced  the  departing 
participants.  Throughout  the  period  of  study,  teachers 
continued  to  refine  their  technology  literacy  and  perspec- 
tives on  incorporation  of  technology  into  the  teaching  and 
assessing  of  mathematics  and  related  topics. 

The  majority  of  the  curriculum  work  incorporated 
technology  to  motivate  mathematical  pattern  develop- 
ment, applications,  and  discussion.  In  particular,  there 
was  significant  focus  on  generating  algebraic  reasoning 
and  selected  representations  of  functions  based  on  data 
collection  activities.  Teachers  incorporated  muKiple 
representations  of  information  in  their  instruction,  for 
example,  tables,  charts,  and  graphs,  symbolic  representa- 
tions (functions,  equations,  inequalities),  and  manipula- 
tive materials  (algebra  tiles,  integer  chips,  geoboards, 
etc.). 

Data  for  the  first  two  years  are  now  being  analyzed  on 
the  change  in  teachers'  beliefs  about  mathematics  and  the 
leaching  of  mathematics,  as  well  as  the  frequency  and 
types  of  use  of  technology  in  their  classrooms.  Individual 
teachers  are  showing  a  shift  in  their  beliefs  in  what 
mathematics/statistics  is  and  how  students  leam  it.  There 
are  numerous  examples  of  individual  teacher  changes  in 
teaching  and  assessing  students  in  their  classroom.  These 
changes  are  noted  in  assessment  tools  used  in  the  class- 
room, instructional  techniques  employed,  and  frequency 
and  variety  of  technology  as  a  standard  learning  tool. 

A  subcategory  of  data  identifies  the  expansion  of 
student  involvement  in  the  use  of  statistics,  not  only  in 
mathematics  class  but  also  m  other  classes.  Participants 
have  used  sutistical  activities  to  increase  student  profi- 
ciency at  discussing  and  critiquing  arguments  in  the 
mathematics  classroom.  We  also  have  reports  of  im- 
proved student  communication  through  statistical  settings. 
Often  this  may  be  improved  by  the  opportunity  for 
students  to  talk  mathematics  in  a  meaningful  context  An 
accompanying  result  is  the  repoited  expansion  of  data 
analysis  ideas  to  other  teachers  in  the  district  This  focus 
on  statistical  perspective  incorporates  the  use  of  technol- 
ogy for  data  collection  (e.g.,  science  probes),  organiza- 
tion, and  interpretation. 

During  the  first  year,  the  non-mathematics  participants 
were  often  unsure  of  their  role  in  the  project  as  the 
emphasis  was  on  gaining  contfol  of  the  technology  and 
manipulative  materials  often  used  in  mathematics. 
Because  of  that  concern,  two  of  these  teachers  withdrew 
before  the  start  of  the  second  summer  session.  In  subse- 
quent years,  the  non-mathematics  participants  became  full 
working  members  of  the  project  and  their  teams.  They 
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developed  useful  units  for  their  own  disciplines  using 
appropriate  mathematics  and  technology.  These  were 
shared  with  all  the  participants  and  used  in  other  districts. 
The  Learning  Center  Specialist,  in  particular,  was  a  strong 
contributor  to  the  inclusion  of  student  communication 
skills  and  expectations  in  the  mathematics  classroom  and 
beyond.  The  non-mathematics  participants  were  strong, 
constructive  critics  of  the  mathematics  unitii  prepared  by 
their  team  members;  they  constantly  called  for  relevance 
in  the  instruction.  They  were  valued  members  of  the 
teams  in  building  district  plans  for  the  inclusion  of 
technology  and  the  preparation  of  staff  development  to 
reach  a  wider  faculty  audience  in  their  districts. 

Team  Impact 

A  reported  impact  of  this  project  in  all  the  districts  has 
been  an  increased  communication  link  between  middle 
schools  and  high  schools.  During  the  first  sununer,  it  was 
clear  that  members  of  the  district  teams  knew  little  about 
what  was  going  on  in  other  buildings  in  that  district. 
Often  little  was  known  about  the  curriculum,  materials 
(including  text  adoptions),  technology,  and  supplementary 
publications.  Team  members  from  the  same  district  often 
knew  each  other  mainly  through  experiences  outside  of 
mathematics,  such  as  members  of  the  union  bargaining 
team.  On  several  teams,  there  was  an  initial  underlying 
ranking  of  the  high  school  teachers  over  middle  school 
teachers. 

Team  members  are  now  comfortable  in  planning 
district  changes  and  working  together  as  equals.  In  most 
districts,  teams  have  met  v/ith  and  presented  proposals  to 
district  leaders  for  equipment  purchases,  materials,  and 
staff  development  plans.  Several  participants  have  been 
partially  or  totally  reassigned  to  positions  as  computer 
coordinators  for  the  district  or  the  building.  Partly  as  a 
result  of  this  project,  the  mathematics  reform  effort  is  at 
least  a  coordinated  6- 12  effort. 

One  of  the  teams  has  become  dysfunctional  due  to 
continued  changes  and  administrative*  disruptions  in  their 
urban  schools.  Several  of  the  team  members,  however,  are 
active  participants  and  conuibute  to  professional  meetings 
and  demonstrate  personal  growth  in  their  new  settings. 
Teams  have  given  staff  development  to  members  of  their 
building  and  in  most  cases  to  a  wider  audience  within  the 
district,  in  neighboring  districts,  or  at  professional 
meetings. 

District  Impact 

Equally  notable  at  this  time  is  the  impact  that  teams 
have  made  in  their  districts.  The  teams  have  undertaken 
leadership  activities,  such  as  staff  development  programs, 
conference  presentations,  state  committee  membership, 
and  parent/community  presentations.  Reports  on  district 
and  building  changes  from  interviews  with  administrators 


are  being  compiled.  All  teams  have  had  members  influ- 
ence district  curriculum  change.  Most  teams  have  initiated 
staff  development  activities  with  their  colleagues. 

At  the  conclusion  of  the  summer  program  each  year, 
the  district  superintendents,  assistant  superintendent  for 
curriculum/instruction,  and  building  principals  were 
invited  to  an  informational  reception.  During  this  recep- 
tion, the  teams  presented  their  progress  and  proposals  to 
their  district  decision-makers.  This  component  has  had  a 
powerful  impact  in  most  of  the  districts.  Each  year,  key 
decision-makers  from  all  but  one  of  the  districts  attended. 
(A  different  district  was  not  represented  each  year.) 

There  is  stuong  evidence,  at  several  levels,  of  the 
effectiveness  of  district  teams  as  change  agents  in 
providing  improved  technology  use  by  students  in  middle 
and  high  schools.  Similar  coordinated  efforts  are  needed 
to  tie  early  childhood  and  elementary  education  to  this 
plan.  One  district  team  has  been  recniited  by  a  neighbor- 
ing school  district  to  serve  as  mentor  of  the  high  school 
mathematics  faculty  in  that  district. 

Implications 

This  project  has  shown  the  power  of  providing 
professional  development  for  teams  of  teachers  from  both 
middle  and  high  schools  in  a  district  Teams  have  had  a 
major  impact  on  educational  change  through  use  of 
technology  in  their  districts.  It  is  important  to  develop 
expertise  in  team  members  aiKl  then  call  attention  to  it. 
Often,  the  recognition  of  teacher  expertise  through  an 
NSF-supported  project  was  the  needed  clout  to  gain 
attention  of  the  school  administration  and  school  board. 

The  project  also  demonstrates  the  slow,  uneven  rate  at 
which  substantive  change  takes  place.  While  early  results 
indicated  minimal  change  in  teachers'  behaviors,  their  use 
of  technology,  and  their  impact  on  school  change, 
extended  observations  over  three  years  reveal  growth  in 
all  these  areas  for  a  majority  of  the  teachers.  A  long, 
sustained  period  of  information  processing  and  reflection 
was  needed  by  the  teachers  before  major  changes  were 
noted  in  their  instruction,  assessment,  and  professional 
leadership.  In  addition,  the  outside  reminder  of  their 
expertise  and  an  opportunity  to  share  with  other  leaders 
was  important  in  keeping  change  moving  forward. 
Observations  suggest  bow  all-consuming  the  teacher 
workday  is.  Without  external  support,  well-intended 
changes  often  do  not  materialize.  Through  an  extended 
support  system  and  continual  reflection  opportunities, 
many  of  the  individual  teachers  have  stepped  forward  as 
leaders  of  change  in  their  buildings,  and  in  several  cases, 
beyond  the  buildings. 

The  non-mathematics  participants  were  valuable 
members  of  the  teams.  They  provided  constructive 
critkism  for  the  way  mathematics  is  taught,  and  they 
presented  many  student  views  not  often  recognized  by 
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mathemaUcs  teachers.  They  called  attention  to  the  need 
for  relevance  and  conununication  skills  in  the  leaching 
and  learning  of  mathemaUcs  in  context.  These  participants 
added  credibility  to  the  teams  with  faculty,  administra- 
tion, and  the  school  boards  in  the  districts.  Individuals 
involved  in  the  project  have  become  more  active,  aggres- 
sive agents  for  change  in  their  districts.  They  are  capable 
of  presenting  plans  and  proposals  to  building  and  district 
leaders  as  well  as,  in  some  cases,  preparing  proposals  for 
outside  funding  agents.  From  this  small  sample  of  district 
teams,  it  is  disconcerting  to  note  the  apparent  limited 
impact  on  a  large,  urban  district  compared  to  team  impact 
in  the  surrounding  smaller  districts. 

Hiis  project  provides  a  model  for  systemic  change  at 
the  locr^,  regional,  and  state  level  Follow-up  reports  will 
document  the  program  for  such  efforts. 

This  research  was  supported  in  part  by  a  grant  from  the 
National  Science  Foundation,  TPE  8954792.  The  opinions 
and  views  expressed  in  this  paper  do  not  necessarily 
express  the  views  of  the  granting  agency. 

References 

American  Statistical  Association.  (1991).  Guidelines  for  the 
teaching  of  statistics.  Alexandria,  VA:  Author. 

Bennett,  D.,  Hartman,  J,  &  Rasmussen  S.  (Eds.).  (1991)  The 
geometer's  sketchpad  [software].  Berkeley,  CA:  Key 
Curriculum  Press. 

Charles,  R.,  &  SUver,  E.  (Eds.).  (1988)  Research  agenda  for 
mathematics  education,  volume  3:  The  teaching  and 
assessing  of  mathematical  problem  solving,  Hillsdale,  NJ: 
Lawrence  Eribaum  and  Reston,  VA:  National  Council  of 
Teachers  of  Mathematics. 

Cooney,  T.  J.,  &  Hirsch,  C.  R.  (Eds.).  (1990).  Teaching  and 
learning  mathematics  in  the  2990's:  1990  yearbook.  Reston, 
VA:  National  Councilor  Teachers  of  Mathematics. 

Coxford,  A.  R.,  &  Shulte,  A.  P.  (Eds.).  (1988)  The  ideas  of 
algebra,  K'12: 1988  yearbook.  Reston,  VA:  National 
Council  of  Teachers  of  Mathematics. 

Grouws,  D.,  &  Cooney,  T.  (1988)  Research  agenda  for 

mathematics  education,  volume  1:  Perspectives  on  research 
on  effective  mathematics  teaching.  Hillsdale,  NJ:  Uwrence 
Eribaum  and  Reston,  VA:  National  Council  of  Teachers  of 
Mathematics. 

Joyce,  B.,  &  WeU,  M.  (1986).  Models  of  teaching  (3rd  ed.). 

Englewood  Cliffs,  NJ:  Prentice-Hall. 
KencUy,  J.  (Ed.)  (1989)  The  use  of  calculators  in  the  standard- 

ized  testing  of  mathematics.  New  York:  College  Entrance 

Examination  Board. 
Kepner,  H.  (1988)  The  new  computation.  Wisconsin  Teacher  of 

Mathematics  J4{\\  12-13. 
Kepner,  H.  (1990)  Preparing  K-12  teachers  to  use  technology  in 

the  teaching  of  mathematics.  In  F.  Demana,  J.  Harvey,  &  B. 

Waits  (Eds),  Proceedings  of  Third  Annual  International 

Conference  on  Technology  in  Collegiate  Mathematics. 

Columbus,  OH:  The  Ohio  SUtc  University  and  Addison- 

Wesley. 


Kulm,  G.  (Ed.).  (1990).  Assessing  higher  order  thinking  in 
mathematics.  Washington,  DC:  American  Association  for 
the  Advancement  of  Science. 

Lindquist,  M.  M.,  &  Shulte,  A.  P.  (Eds.).  (1987).  Uaming  and 
teaching  geometry,  K'12: 1987  yearbook.  Reston,  V A: 
National  Council  of  Teachers  of  Mathematics. 

National  Council  of  Teachers  of  Mathematics.  (1989).  The 
curriculum  and  evaluation  standards  for  school  mathemat- 
ics. Reston,  VA:  Author. 

National  Council  of  Teachers  of  Mathematics.  (1991).  The 
professional  standards  for  teaching  mathematics.  Reston, 
VA:  Author. 

Steen,  L.  A.  (Ed.).  (1990).  On  the  shoulders  of  giants:  New 
approaches  to  numeracy.  Washington,  DC:  National 
Academy  Press. 

Wagner,  S.,  &  Kieran,  C.  (Eds.).  (1989).  Research  agenda  for 
mathematics  education,  volume  4:  Research  issues  in  the 
learning  and  teaching  of  algebra.  Hillsdale,  NJ:  Lav/rence 
Eribaum  and  Reston,  VA:  National  Council  of  Teachers  of 
Mathematics. 

Henrys.  Kepner,  Jr.,  is  Professor  of  Mathematics 
Education  and  Computer  Education,  Department  of 
Curriculum  and  Instruction,  University  of  Wisconsin- 
Milwaukee,  Milwaukee,  WI 53201.  e-mail: 
kepner®  csd4,  csd.  uwni  edu 


604  Technolofly  and  Teacher  Education  Annual  —  1 993 

o  6  T  7 

:RIC 


Computers  in  physics 
instruction:  A  collaborative 
development  of  teaching 

strategies 

Janice  E.  J.  Woodrow 
University  of  British  Colunnbia 


Research  on  the  computer  as  a  teaching  medium  has 
been  ahnost  totally  neglected,  and  yet,  system 
atic,  classroom-based  analysis  of  teaching  with 
computers  should  be  a  prime  research  focus.  Training 
teachers  how  to  teach  with  a  computer  is  a  necessary 
prerequisite  to  the  realization  of  the  potential  promised  by 
technological  implementation.  Computer-based  labs, 
interactive  video  discs,  CD-ROMs,  simulations,  and 
multimedia  presentations  are  only  some  of  the  computer- 
based  technologies  currently  becoming  economically 
feasible  for  introduction  into  physics  education.  An 
essential  characteristic  of  all  of  these  technologies  is  that 
they  make  it  possible  and,  peibaps,  even  mandatory,  to 
deliver  instruction  in  ways  fundamentally  different  from 
traditional  approaches.  Their  implementation  also  results 
in  the  establishment  of  radically  new  and,  hopefully, 
radically  improved  learning  environments  for  the  stu- 
dents. These  changes  present  major  challenges  to  physics 
teachers  to  revise  their  instructional  strategies.  However, 
although  there  is  substantial  research  evidence  that  the  use 
of  computers  can  contribute  significantly  to  the  quality  of 
physics  learning  (e.g.,  Ellis,  1992),  that  research  has  had 
little  effect  upon  actual  classroom  practice.  Few  physics 
teachers  are  actually  using  the  available  technology.  The 
majority  of  regular  physics  teachers  have  not  been  trained 
to  use  computers  as  teachinp/leaming  devices.  Thus,  what 
is  needed,  is  systematic,  classroom-based  research 
focused  on  tnaning  teachers  to  incoqx)rate  the  new 
technologies  effectively  into  existing  educational  pro- 
grams. Inservice  teacher  development  may  be  the  key  to 
increasing  the  use  of  computer-based  technology  in 
physics  teaching. 

This  project  addresses  the  specific  need  for  developing 
effective,  computer-based  instructional  strategies  for 
physics  education  and  the  inset  vice  training  of  physics 
teachers  in  the  use  of  these  strategies.  This  project  is 
developing,  in  situ,  and  will  conmiunicate  to  potential 
users  the  teaching  strategies  and  classroom  procedures 
that  promote  the  best  use  of  a  specific  type  of  computer 
technology:  computer-based  simulations.  When  an 
English  teacher  sends  students  to  the  computer  to  write  a 
composition,  the  computer  is  utilized  mainly  as  a  conve- 
nient mechanical  device.  Few  new  teaching  techniques 
are  involved.  Many  new  teaching  techniques  are  involved, 
however,  when  a  physics  teacher  uses  an  interactive 
simulation  program  as  a  teaching  and  ieaming  medium. 
These  new  techniques  must  be  researched  and  dissemi- 
nated within  the  teaching  community.  Recognizing  the 
central  role  of  teachers  in  the  process  of  gathering  and 
interpreting  information  within  an  educational  setting,  the 
project  has  been  designed  as  a  collaborative  effort 
between  the  University  of  British  Columbia  (UBC)  and 
two  secondary  schools  in  British  Columbia,  with  the 
schools'  two  physics  teachers  participating  as  co-investi- 
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gators.  The  essence  of  the  project  is  training.  Working 
together,  the  team  is  planning  strategies  to  u^^e  simulations 
and  related  computer-based  technology  as  both  instruc- 
tional and  learning  tools,  observing  and  evaluating  the 
implementation  of  these  strategies,  conducting  interviews 
with  students,  and  evaluating  the  resultant  student 
learning. 

The  implementation  of  computer-based  simulations  in 
physics  education  is  a  pedagogical  necessity— one 
essential  to  counteract  the  rapidly  inaeasing  problem  of 
concept  overload.  There  is  no  comparison  between  what 
students  were  expected  to  learn  in  high  school  physics  50 
years  ago  and  what  they  are  expected  to  learn  today,  and 
the  gap  is  constantly  inaeasing,  How  can  physics 
teachers  ensure  that  the  fundamentals  of  physics  are 
properly  addressed  while  simultaneously  acknowledging 
new  developments  and  applications?  Fifty  years  ago,  no 
student  would  have  been  expected  to  understand  how  a 
laser  operates  to  produce  a  hologram,  how  a  semiconduc- 
tor chip  can  store  megabytes  of  information,  or  how  real- 
time images  uom  Uranus  can  be  relayed  to  their  color 
TV.  The  complexity  of  the  subject  demands  the  use  of 
new  pedagogical  strategies.  Computer-based  simulations 
provide  students  with  powerful  tools  to  learn  physics  in 
an  interactive  environment  and  to  explore  applications  to 
a  degree  that  is  simply  not  possible  by  any  other  means. 
Training  pilots  to  operate  large  aircraft  is  so  complex  it 
could  not  be  done  without  simulators.  It  is  now  necessary 
to  begin  to  educate  our  physics  students  in  the  same 
manner. 

This  project  addresses  the  fact  that  the  process  of 
teaching  may  change  in  fundamental  ways  with  the 
application  of  emerging  computer  technology.  The  results 
of  the  study  will  enable  (a)  development  of  instructional 
and  implementation  procedures  to  encourage  and  facili- 
tate effective  classroom  use  of  computer-based  simula- 
tions and  (b)  formulation  of  objectives,  established  upon 
demonstrable  student  outcomes,  for  the  use  of  computer- 
based  simulations  in  science  classrooms.  These  |:M*oce- 
dures  and  objectives  will  be  useful  as  policy  guidelines 
for  schools  and  districts  wishing  to  broaden  their  scope  of 
computer-based  instruction  to  meet  the  challenges  of  the 
21st  Century.  An  indirect  product  of  this  project  will  be 
the  training  of  the  two  teacher  co-investigators  to  under- 
take their  own  field-based  research.  The  communication 
of  the  results  of  the  study  to  science  teachers  is  an 
impoilant  aspect  of  the  project  and  one  in  which  all  three 
team  members  will  participate.  In  addition,  the  findings  of 
the  project  will  be  implemented  in  science  education 
courses  at  UBC  and,  therefore,  will  have  direct  input  into 
the  training  of  preservice  science  teachers. 

Signif  icanc0  of  the  Proiect 

The  influx  of  computer  technology  into  educational 


settings  has  stimulated  many  efforts  to  understand  and 
assess  the  benefits  and  consequences,  both  affective  and 
cognitive,  of  using  computers.  The  most  striking  generali- 
zation that  can  be  drawn  from  such  efforts  is  that  the 
computer  has  yet  to  fulfill  its  promise  as  an  instructional 
and  learning  medium.  Computer-based  simulations,  for 
example,  have  been  termed  the  "rescuers*'  of  classroom 
computer  use  -  the  vehicles  that  may  unlock  the  promised 
educational  potential  of  computers  (Crookall,  1988). 
Through  simulations,  science  students  can  undertake 
experiments  and  investigations  normally  considered 
impractical  or  impossible.  However,  claims  of  the 
educational  benefits  for  the  use  of  computer-based 
simulations  need  substantiation.  The  usual  necessity  of 
grouping  students  to  woik  on  simulations  imposed  by  the 
scarcity  of  computers  is  thought  to  encourage  Socratic 
dialogue  among  the  students,  promote  task  collaboration 
within  the  context  of  computer-supported  learning,  and 
help  students  confront  and  overcome  explanatory  precon- 
ceptions. HounsheU  and  HiU  (1989)  claim  that  computer 
utilization  can  result  in  improving  both  science  allitudes 
and  achievement  and  may  encourage  more  students  to 
pursue  further  studies  or  careers  in  science  and  technol- 
ogy. Factors  such  as  teachers*  and  students*  attitudes, 
extent  of  integration  into  the  curriculum,  and  user 
interface  with  hardware  and  software  may  have  as  much 
impact  on  computer-based  achievement  as  the  technology 
itself.  It  is  of  critical  social  and  educational  importance, 
therefore,  that  the  circumstances  under  which  teachers 
and  students  can  feel  comfortable  utilizing  computer- 
based  simulations  as  a  natural  and  essential  tool  for 
learning  be  researched.  Moreover,  this  research  must  be 
conducted  in  the  normal  context  of  use — the  classroom — 
if  realistic  objectives  for  tiie  use  of  computer-based 
simulations  are  to  be  established. 

Many  unsuccessful  attempts  to  introduce  computer- 
based  instruction  can  be  traced  to  tiie  human  factor  -  botii 
of  teacher  and  student.  The  first  step  in  understanding, 
and  possible  enhancement,  of  tiie  use  of  computers  in  an 
educational  setting  has  to  be  focused  on  understanding  tiie 
specific  characteristics  tiiat  computing  presents  in  real 
educational  settings  and  developing  procedures  to  address 
them.  Integration  of  technology  and  education  is  still  a 
relatively  new  enterprise.  Unfortunately,  there  is  a  serious 
scarcity  of  applicable  tiieories  from  which  to  deri'^e 
predictions  of  tiie  effects  ensuing  from  computer  use  oi 
specific  classroom  situations.  For  example,  problems  that 
have  been  identified  with  tiie  introduction  of  computer- 
based  simulations  include  optimizing  computer  time  and 
learner  guidance,  lack  of  teacher  guidance  for  effectively 
implementing  the  software,  reluctance  of  teachers  to 
modify  tiieir  teaching  style  to  accommodate  die  computer, 
access  to  computers,  lack  of  external  incentives  and  peer 
support  for  tiie  teacher,  and  lack  of  intrinsic  motivators  in 


606  Technology  and  Teacher  Education  Annual  —  1993 

62.9 


the  software.  Most  educationally  interesting  uses  of 
computer-based  simulations  require  adjustments  in  the 
traditional  roles  and  instructional  procedures  of  teachers. 
Many  teachers  understandably  resist  changing  strategies 
that  historically  have  proven  to  be  successful  for  them. 
Moreover,  teachers  and  curriculum  designers  must  rethink 
the  curriculum  if  computer-based  simulations  are  to  be 
successfully  implemented — a  process  both  groups  are 
likely  to  resist  without  substantive  evidence  of  the 
effectiveness  of  the  computer  technology.  Bresler  and 
Walker  (1990),  for  example,  emphasize  that  an  innovation 
will  not  succeed  unless  it  fits  the  patterns  by  which  the 
teachers  and  studoifcs  actually  run  their  lives.  To  be 
effective,  the  application  of  computer-based  technologies 
must  be  deeply  integrated  into  the  internal  structure  of  the 
classroom.  There  is  a  crucial  role  for  incorporating  the 
ccMnputer  within  required  versus  voluntary  curricular 
activities.  Haidware  acquisition,  though  necessary,  is  not 
equivalent  to  curricular  innovation. 

Innovation  in  the  use  of  computer-based  technology 
requires  teacher  change  at  three  distinct  levels:  (a)  actual 
use  of  the  computer,  (b)  teaching  approaches,  and  (c) 
beliefs  (Fallen,  1982).  To  address  these  successfully, 
teaching  research  must  be  initiated  which  takes  place  in 
resource-rich  environments  and  focuses  on  action- 
oriented  instructional  methodologies  designed  to  support 
multi-leveled,  outcome-based  curriculum  models. 
Research  should  also  be  undertaken  that  will  provide 
specific  guidelines  for  the  development  of  assessments 
that  will  measure  student  learning  resulting  from  com- 
puter-enhanced instruction.  It  is  only  through  systematic 
investigation  and  resolution  of  the  issue  of  appropria^te 
teacher  training  related  to  classroom  utilization  of 
emerging  educational  technologies,  that  these  technolo- 
gies will  become  key  components  in  establishing  im- 
proved learning  environments. 

Project  Design 

The  design  of  the  project  was  predicated  upon  the 
premise  that,  to  be  successful,  technology  implementation 
models  require  the  involvement  of  practicing  classroom 
teachers  within  their  own  classrooms,  frequent  communi- 
cation among  the  participating  teachers  and  researchers, 
and  access  to  long-term  funding.  Too,  participating 
students  must  perceive  their  use  of  computer  technology 
and  that  of  their  teachers  as  an  integral  part  of  the  normal 
classroom  procedures  rather  than  as  some  special  feature 
introduced  by  a  research  program.  As  Soloman  (1991) 
notes,  computer-enhanced  classrooms  are  "complex,  often 
nested  conglomerates  of  interdependent  variables,  events, 
perceptions,  attitudes,  expectations,  and  behaviors,  and 
thus  their  study  cannot  be  approached  in  the  same  way 
that  the  study  of  single  events  and  single  variables  can" 
(p.  1 1).  For  these  reasons,  a  qu  ilitative,  quasi-experimen- 


tal methodology  will  be  used:  one  of  intensive,  in-class, 
observations  over  an  extended  period  of  time  coupled 
with  data  collection  and  analysis.  The  project  has  been 
designed  as  a  multi-site,  action  research,  case  study  based 
upon  a  parmership  between  the  project  leader  and  two 
collaborating  physics  teachers.  Plans  and  teaching 
strategies  for  implementing  the  computer-based  simula- 
tion will  be  developed  and  evaluated  collectively  by  the 
team.  The  actual  classroom  teaching  will  be  done  by  the 
participating  teachers  as  an  integral  part  of  their  class- 
room instruction.  The  project  leader  will  be  responsible 
for  directing  the  focus  of  the  research  and  will  observe, 
record  and  document  the  classroom  use  of  the  simulation 
and  related  technologies,  conduct  interviews  with 
students,  assess  the  attitudes  and  learning  of  the  students, 
and  prepare  all  reports.  The  following  specific  research 
questions  werc  developed: 

1 .  What  are  the  necessary  and  sufficient  conditions  for 
the  successful  implementation  of  computer-based 
simulations  in  physics  education? 

2.  What  are  the  most  effective  strategies  of  incomorating 
computer-based  simulations  into  the  teaching  of 
physics? 

3.  What  are  the  outcomes  of  incorporating  computer- 
based  simulations  into  physics  curricula? 

The  use  of  an  exemplary  simulation  was  deemed  to  be 
critical  to  the  success  of  the  project  Interactive  Physics 
II™  was  selected  on  the  basis  of  design,  versatility,  fit  to 
the  existing  curriculum,  appeal  both  to  students  and 
teachers,  and  the  fact  that  the  publishers  of  the  prescribed 
British  Columbia  Physics  12  textbook  are  developing  a 
teacher  resource  package  of  interactive  student  exercises 
based  upon  this  simulation.  Interactive  Physics  IT™  can 
be  used  for  demonstration  and  simulation  purposes,  as 
part  of  a  lecture/discussion,  and  as  a  student  learning  tool. 

The  criteria  for  the  selection  of  the  collaborating 
teachers  included  teaching  and  computer  experience, 
leadership  qualities,  ability  to  work  together,  availability 
of  school  resources,  and  proximity  of  their  schools.  The 
first  teacher  has  been  teaching  physics,  science,  math- 
ematics, and  computer  science  for  eleven  years.  Cur- 
rently, he  is  the  science  department  head  in  his  school,  is 
involved  in  inservice  activities  in  his  school  district,  and 
is  a  member  of  the  BC  section  of  the  American  Associa- 
tion of  Physics  Teachers  (AAPT)  executive  committee. 
The  second  teacher  has  been  teaching  physics,  science, 
and  mathematics  for  five  years.  He  is  also  involved  in 
inservice  activities  and  is  currently  president  of  the  BC 
section  of  the  AAPT  executive  committee.  He  trained  as  a 
student  teacher  with  the  first  teacher,  and,  after  receiving 
his  teaching  certificate,  taught  for  one  year  at  the  same 
school  before  transferring  to  a  neighboring  school.  The 
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two  have  since  collaborated  on  developing  computer- 
based  physics  assessment  instniments  and  procedures. 
Both  teachers  use  Macintosh  computers  extensively  as 
professional  tools  to  develop  planning  and  lesson  materi- 
als and  to  administer  physics  exams.  Neither  had  used  a 
computer  as  an  instructional  tool  prior  to  joining  the 
project.  The  support  of  educational  administrators  is 
always  of  enormous  benefit  to  action-research  studies. 
The  coq)eration  and  enthusiasm  of  the  school  and  district 
administrators  contributed  significantly  to  the  selection  of 
the  two  teacher  collaborators.  For  example,  both  teachers 
are  going  to  be  provided  with  some  release  time  to  work 
on  the  project,  and  both  schools  have  made  modifications 
to  the  physics  classrooms  to  accommodate  student  and 
teacher  workstations  and  to  enhance  security. 

Protect  Status 

An  examination  of  the  first  research  question  necessi- 
tated consideration  of  (a)  the  degree  to  which  the  teachers 
and  students  would  need  to  change  their  established  roles 
and  behaviors  to  implement  the  computer-based  simula- 
tion successfully,  (b)  the  adjustments  necessary  to 
incorporate  the  simulation  into  the  existing  course 
structure,  and  (c)  the  provision  of  adequate  equipment  and 
facilities  for  students  and  teachers.  It  has  been  decided 
that  each  teacher  station  will  optimally  require  a  high 
speed  color  projection  panel  and  at  least  a  Macintosh  Ilci 
ccMnputer  with  8M  RAM  and  a  230M  hard  drive  and  that 
each  classroom  will  require  ten  Macintosh  Ilci  student 
woricstations.  These  facilities  were  judged  to  be  not  only 
sufficient  for  the  requirements  of  running  Interactive 
Physics  11™  but  also  sophisticated  enough  not  to  be  too 
quickly  made  obsolescent  by  inevitable  technological 
change. 

Both  teachers  have  begun  experimenting  with  the  use 
of  the  simulation  on  a  small  scale  pending  the  acquisition 
of  ail  the  necessary  equipment.  For  example,  the  first 
teacher  has  simulated  several  of  the  prescribed  Physics  12 
lab  exercises  and  given  his  students  the  choice  of  com- 
pleting the  lab  using  the  computer  or  using  the  standard 
lab  equipment.  At  the  time,  the  classroom  had  only  four 
computers.  Approximately  half  of  the  class  chose  the 
computer  option.  Whether  the  student  response  would 
have  been  unanimous  had  there  been  adequate  hardware 
remains  moot.  The  students  who  performed  the  simulated 
laboratories  were  given  only  minimal  instruction  on  the 
operation  of  the  program.  All  were  overwhelmingly 
positive  towards  the  procedure  in  their  written  reactions. 
The  reasons  underlying  this  strong  response  will  be 
subjected  to  careful  study  and  analysis.  The  student 
responses  also  indicated  that  they  would  welcome  further 
use  of  the  simulation  in  their  course  but  would  prefer 
individual  access  to  the  computers.  One  student  noted  that 
the  program  would  permit  them  to  simulate  problems  that 


would  be  difficult  to  study  in  "the  real  world."  Another 
indicated  that  it  would  be  nice  if  they  could  use  the 
program  to  help  figure  out  assignment  problems  with 
which  they  were  experiencing  difficulty.  All  of  the 
responding  students  felt  that  the  simulation  was  a  reason- 
able representation  of  the  real  world  and  was  relatively 
easy  to  use. 

Preparation  is  being  made  to  use  multimedia  technol- 
ogy extensively  throughout  the  project.  Video  is  being 
used  to  record  and  examine  selected  lessons  and  proce- 
dures and  to  record  student  interviews.  These  videos  will 
constitute  the  primary  data  of  the  project.  They  will  be 
examined,  edited,  and  eventually  assembled  into  video 
disc  format  for  workshop  presentations  and  training 
purposes.  An  existing  HyperCard  application  will  permit 
the  interactive  viewing  of  this  disc,  the  clustering  of 
observations,  and  the  addition  of  written  observations  and 
suggestions.  This  multimedia  approach  will  give  the  team 
an  OKX>rtunity  to  challenge  previously-held  notions  of 
what  constitutes  good  physics  teaching. 

Conclusions 

This  project  is  aimed  at  investigating  the  integration  of 
computer-based  technologies  into  existing  curricula  and 
the  development  of  relevant  instructional  strategies  that 
promote  student  learning,  critical  thinking,  and  problem 
solving.  Research  in  education  should  always  reflect  and 
respond  to  real  instructional  needs.  The  introduction  of 
computer-based  technologies  into  education  has  created  a 
specific  need  for  research  into  new  teaching  strategies 
which  effectively  incorporate  these  technologies  and 
which  result  in  a  change,  and  hopefully  an  improvement, 
of  the  pedagogical  process  and  product.  Such  research  is 
necessary  to  prevent  the  use  of  technology  to  reinforce 
outmoded,  ineffective  methods  for  teaching  and  learning. 
As  alluring  and  exciting  as  technology  seems  in  the 
abstract,  at  the  classroom  level  its  implementation  must 
support  teachers  in  the  adoption  of  improved  teaching 
practices  and  improved  methods  for  managing  the 
learning  of  their  students.  Computer-based  simulations,  in 
particular,  permit  the  attainment  of  learning  goals  beyond 
the  capabilities  of  traditional  instructional  modes.  They 
may  also  be  the  stimulus  needed  to  attract  more  secondary 
students  into  science  and  technology  studies  and  to  curb 
rismg  school  dropout  rates.  Traditional  teaching  strategies 
are  obviously  not  adequately  meeting  the  needs  of  today's 
students  and  effective  pedagogical  use  of  computer-based 
technology  is  still  rare.  It  is  critical,  therefcM-e,  that  science 
teachers  be  trained  to  use  computer-based  simulations 
effectively  in  their  classrooms  and  that  changes  which 
accrue  from  the  introduction  and  use  of  computer-based 
simulations  be  subjected  to  detailed  and  systematic 
scrutiny.  For  too  long,  computers  have  shnply  been  added 
to  school  equipment  with  the  untested  assumption  that 
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tbey  lepresent  valuable  teaching  and  learning  tools. 
However,  little  correlation  between  computer-acquisition 
and  improvements  in  student  learning  has  been  demon- 
strated, for  the  simple  reason  that  ^propriate  programs 
for  the  training  of  teachers  to  use  computers  as  fundamen- 
tal teaching  devices  have  not  been  developed.  Vast 
resources  are  consumed  every  year  through  unexamined 
biases  of  what  the  future  should  be.  The  development  of 
educational  policy  guidelines  should  be  based  u;(X)n 
something  more  substantive.  What  education  research 
should  provide  is  data  that  can  be  convened  to  operational 
philosophies  and  procedures  in  the  classroom.  The  goal  of 
this  project  is  to  develop  reliable  data  upon  which 
developments  in  physics  education  can  be  built  Techno- 
logical novelty  is  always  attractive  but  the  novelty  must 
not  be  the  basis  of  educational  pursuits. 
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Brownell  (1990)  believes  that  "computing  technol 
ogy  is  as  important  an  occurrence  in  human 
development  as  the  advent  ot  the  written  word 
over  the  oral  tradition,  as  important  as  the  invention  of  the 
printing  press"  (p.  8).  If  cwnputer  technology  is  truly  such 
a  momentous  development,  then  it  must  eventually  have  a 
significant  and  crucial  impaa  in  the  classroom. 

It  has  often  been  said  that  teachers  tend  to  teach  as 
they  have  been  taught  and  yet  we  fmd  that  the  "vast 
majority  of  today's  teachers  have  litde  or  no  training  in 
the  use  of  new  technologies'*  (Scrogan,  cited  in  Jongejan, 
1990,  p.  3).  It  is,  therefore,  not  surprising  that  although 
the  microcomputer  was  introduced  to  the  elementary  and 
secondary  classrooms  over  a  decade  ago,  the  instructional 
process  at  all  levels  has  remained  predominantly  un- 
changed (Jongejan,  1990). 

Much  of  the  training  '  at  preservice  and  inservice 
teachers  receive  involves  learning  about  computers  rather 
than  how  to  use  them  in  instruction.  It  is  important  that 
teachers  learn  about  technology,  but  they  must  also  learn 
how  to  incorporate  technology  into  their  teaching.  This 
includes  using  the  computer  as  a  teacher  tool  as  well  as  a 
teaching  and  learning  tool.  Byers  (1990)  points  out  that 
"the  computer  using  educator  is  the  regular  classroom 
teacher'*  (p.  9)  and,  therefore,  "all  teachers  should  become 
computer  users  at  some  appropriate  level**  (p.  9). 

It  is  essential  that  colleges  of  education  provide 
programs  that  will  prepare  inservice  and  preservice 
teachers  to  use  various  technologies  to  assist  in  (a)  the 
preparation  of  instruction,  (b)  the  instructional  process, 
and  (c)  the  learning  process.  In  order  to  accomplish  this, 
technology  must  be  used  in  each  of  these  areas  in  the 
methods  courses  that  preservice  and  inservice  teachers 
take.  "Colleges  of  education  must  provide  programs  to 
assist  professors  in  learning  to  use  computers  as  personal 
and  professional  tools  and  to  assist  them  in  redesigning 
their  courses  to  integrate  the  capabilities  of  the  c«nputer** 
and  "methods  courses  must  consider  the  development  of 
lessons  that  integrate  computing  technology"  (Niess, 
1990,  p.  14).  Strudler  (1991)  agrees  that  "it  is  imperative 
...  that  teacher  education  models  the  use  of  technology  in 
their  own  instruction  as  well  as  integrate  relevant  com- 
puter-based technologies  into  appropriate  methods 
courses'*  (p.  5). 

As  Kearsley,  Hunter,  and  Furlong  (1992)  indicate, 
mathematics  education  has  used  computers  for  many 
years.  Originally,  the  majority  of  programs  for  mathemat- 
ics particularly  at  the  elementary  level  were  drill  and 
practice  programs.  At  the  secondary  level,  programming 
was  used  to  provide  an  opportunity  to  solve  problems  in 
mathematics.  Today  the  use  of  technology  in  mathematics 
can  and  should  range  from  using  the  computer  for 
traditional  computer-assisted  instruction  to  the  incorpora- 
tion of  multimedia  into  the  mathematics  curriculum.  *The 
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power  of  computers  ...  needs  to  be  used  in  contemporary 
mathematics  programs. ...  The  thoughtful  and  creative  use 
of  technology  can  greatly  improve  the  quality  of  the 
curriculum  and  the  quality  of  children*s  learning** 
(National  Council  of  Teachers  of  Mathematics  [NCTM], 
1989,  p.  19). 

To  develop  "creative  use  of  technology"  it  was 
necessary  to  determine  an  area  of  the  mathematics 
methods  curriculum  we  felt  would  benefit  from  the  use  of 
multimedia.  NCTM  (1989)  emphasizes  problem  solving 
in  the  first  standard  for  K-4  and  concepts  of  whole 
number  operations  in  the  seventh  K-4  standard.  Interpre- 
tations (problem  situations)  of  whole  number  (^rations 
are  important  topics  in  K-4  mathematics.  Unfortunately, 
in  too  many  K-4  classrooms,  students  learn  the  whole 
number  operations  in  terms  of  "tables**  to  be  memorized 
rather  than  understanding  that  each  operation  represents 
various  situations.  Children  must  develop  conceptual 
understanding  of  the  four  whole  number  operations 
through  experiences  that  allow  analysis  of  these  situa- 
tions. Therefore,  experiences  with  each  of  these  situations 
must  be  provided  by  the  classroom  teacher  at  the  apji^-o- 
priate  levels.  Many  K-4  teachers  aiu  not  aware  of  the 
different  interpretations  for  operations.  If  these  teachers 
are  to  provide  systematic  instruction  in  these  various 
interpretations,  it  is  necessary  that  they  also  leam  to 
recognize  and  analyze  these  interpretations  (Anghileri  & 
Johnson,  1992;  Moser,  1992;  Troutman  &  Lichtenberg. 
1987). 

To  provide  inservice  and  preservice  teachers  with 
experiences  in  using  new  technologies  in  elementary 
mathematics  methods,  the  mathematics  education  faculty 
at  the  University  of  Southwestern  Louisiana  developed  a 
multimedia  unit  (The  Whole  Number  Operations  Multi- 
media Unit)  to  assist  in  understanding  these  interpreta- 
tions (or  situations)  for  the  four  whole  number  operations. 
Tan,  Yong,  and  Ng  (1991)  indicated  that  "hypermedia  is 
suitable  for  the  development  of  teachware  as  it  provides 
features  for  planning,  designing,  and  organizing  of 
teaching  materials**  (p.  19). 

The  multimedia  unit  includes  the  use  of  a  HyperCard 
stack  and  a  commercial  laser  disc.  The  HyperCard  stack  is 
used  to  give  appropriate  information  from  NCTM  (1989), 
present  all  interpretations  of  each  whole  number  (^ra- 
tion, and  provide  animated  graphic  or  video  representa- 
tions of  these  interpretations.  The  stack  also  includes 
opportunities  for  the  user  to  check  understanding  of  the 
interpretations  and  experiences  involving  the  use  of 
manipulatives  to  better  understand  the  operations. 

The  multimedia  unit  is  used  with  both  undergraduate 
and  graduate  mathematics  methods  classes  during  regular 
instruction  on  whole  number  q)erations.  It  is  first  used  as 
a  presentational  tool  with  the  HyperCard  stack  providing 
information  to  teach  the  five  interpretations  of  addition 


(joining,  comparison,  missing  sum,  partition,  and  incre- 
ment). These  interpretations  are  presented  with  action 
video  from  a  laser  disc  (AIMS  Media's  Mathematics  for 
the  Primary  Grades)  for  the  joining  interjwetation  and 
animated  graphics  for  the  other  four  interpretations. 
During  this  instruction  students  are  also  given  hands-on 
experiences  ur  jg  manipulatives  to  replicate  the  examples 
given  in  the  presentation.  Following  the  classroom  use  of 
the  multimedia,  students  may  also  use  the  HyperCard 
stack  and  laser  disc  individually  to  reinforce  the  concepts 
taughL  These  materials  are  located  in  the  College  of 
Education's  Educational  Technology  Review  Center 
(ETRC). 

When  subtraction  is  introduced,  the  unit  is  again  used 
to  introduce  the  five  interpretations  of  subtraction  (take 
away,  comparison,  missing  addend,  partition,  and 
increment).  Some  of  these  interpretations  have  several 
subtypes.  Each  subtype  is  explained  and  Ulustrated. 
Again,  video  from  the  laser  disc  and  animated  gr^hics 
are  used  as  well  as  experiences  with  manipulatives,  and 
students  can  use  the  unit  individually  in  the  ETRC.  The 
same  procedure  is  used  to  teach  the  interpretations  for 
multiplication  (additive,  array,  Cartesian,  missing 
product,  and  ratio)  and  division  (subtraciive,  distributive, 
missing  factor,  and  ratio). 

We  believe  that  the  use  of  materials  such  as  the  Whole 
Number  Operations  Multimedia  Unit  provides  K-4 
mathematics  education  students  with  several  experiences. 
First,  inservice  and  preservice  teachers  have  the  q)portu- 
nity  to  leam  in  the  way  in  which  we  hope  they  will  teach 
—  using  technology  in  the  classroom.  Second,  they 
experience  the  integration  of  technology  into  the  curricu- 
lum. Third,  they  have  the  opportunity  to  use  computers 
and  laser  discs.  This  provides  students  with  hands-on  use 
of  technology  to  enhance  learning.  Fourth,  they  experi- 
ence the  use  of  two  important  and  valuable  assets  in 
teaching  mathematics  (Peri,  1990)  —  the  computer  and 
manipulatives.  It  is  imperative  that  children  leam  math- 
ematics using  manipulatives.  Technology  can  be  used  to 
model,  guide  and  manage  the  use  of  manipulatives  (Perl, 
1990)  in  the  teaching  of  mathematics.  This  unit  provides 
an  example  of  this  partnership.  Fifth,  the  unit  provides  a 
method  of  interaction  between  the  learner  and  the 
computer  to  reinforce  concepts  learned. 
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As  with  any  current  topic  in  mathematics  or 
computer  science  education,  it  seems  essential  to 
initially  announce  or  justify  the  philosophical 
perspective  of  its  authors.  This  is  where  we  wish  to  begin. 
Drawing  upon  our  experiences  and  placing  them  within  a 
philosophical  framewoilc  enables  us  to  better  prepare, 
anticipate,  and  deal  with  the  difficulties  encountered. 

Kaput  (1992)  pointed  out  that  computers  have  been 
available  to  the  classroom  teacher  for  less  than  10  years. 
In  the  recent  past  most  of  the  difficulties  have  been  with 
the  hardware.  In  the  future  the  difficulties  probably  will 
lie  with  the  limitations  of  user  thinking  and  insufficient 
software  of  a  type  which  is  designed  to  develop  under- 
standing. This  is  one  of  the  major  reasons  why  the  authors 
believe  that  computer  literacy  for  the  classroom  teacher  is 
closely  related  to  the  subject  being  taught. 

Currently  thae  are  two  predominate  perspectives  on 
learning  which  lie  at  opposite  ends  of  a  continuous 
spectnmi.  These  are  behaviorism  and  constructivism.  The 
purpose  for  acknowledgmg  these  two  perspectives  is  that 
our  framework  is  based  on  the  constructivist  philosophy. 
Most  of  the  available  software  api)ears  to  be  based  on  a 
behaviorist  philosophy.  It  is  our  belief  that  this  type  of 
software  does  not  provide  the  learning  environment  we 
seek. 


Behaviorism  in  Education 

The  behaviorist  approach  to  learning  has  been  very 
useful  for  those  who  believe  that  the  goal  of  mathematics 
instruction  is  to  transmit  the  content  of  the  subject  or  the 
accumulated  "Icnowledge"  of  the  field  into  their  students' 
heads.  It  provides  a  justifiable  means  for  determining  if 
the  instmction  has  met  predefined  goals.  However,  it 
seldom  provides  any  insight  into  what  is  actually  going  on 
in  the  student's  head.  It  merely  provides  some  measurable 
construct  which  has  not  relied  on  subjecdve  material  as  a 
basis  for  reporting  results.  Behaviorism  assumes  that  any 
mental  activity  worth  noting  can  be  measured  in  some 
objective  fashion.  This  is  quite  contrary  to  a  contnictivist 
perspective  which  suggests  that  it  is  this  mental  activity 
which  is  of  greatest  concern  and  that  it  is  best  explored  on 
a  more  subjective  basis,  such  as  through  an  interacdve 
dialogue  or  discussion.  Mere  memorization  of  procedures 
or  facts  seldom  provides  a  sound  basis  for  understanding, 
and  it  is  understanding  which  most  teachers  would 
emphasize  as  a  goal  of  insuiiction,  especially  in  math- 
ematics. 


Learning  Mathematics  Instrumentally 

Skemp  (1978)  has  proposed  two  distinctly  different 
approaches  toward  the  teaching  or  learning  of  mathemat- 
ics: relational  and  instrumental.  The  relational  framework 
is  siniilar  in  scope  to  the  constructivist  philosophy  on 
learning.  It  suggests  that  learning  requires  an  intercon- 
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necting  network  of  related  ideas  and  cx)ncepts  from  which 
new  cx)na^pts  may  be  formed.  It  also  suggests  that  what 
most  teachers  strive  for  is  this  relational  type  of  learning. 
However,  what  most  teachers  have  experienced  first  hand 
is  what  might  be  called  instrumental  learning.  Instrumen- 
tal learning  tends  to  focus  on  isolated  bits  of  information 
as  the  central  focus  of  mathematics  instruction,  lliis  is 
evident,  for  example,  when  students  are  asked  to  memo- 
rize addition  or  multiplication  tables.  They  tend  to  learn 
these  facts  in  isolation,  rather  than  as  an  interrelated 
network  of  ideas,  thus  requiring  much  greafer  effort  to 
retain  or  embed  within  some  meaningful  mental  structure. 
Another  good  example  is  when  students  are  asked  to 
determine  the  area  of  a  rectangle.  They  merely  recall  that 
it  is  length  times  width  without  having  any  deeper 
understanding  of  what  is  meant  by  area.  They  know  how 
to  compute  the  area  but  do  not  have  any  real  understand- 
ing of  the  relationship  between  the  units  involved  and  the 
space  being  covered. 

Learning  as  a  Constructive  Activity  for  Teachers 

The  consUiictivist  perspective  on  learning  requires 
active  participation  on  the  part  of  the  individual.  To  learn 
in  a  constructive  sense  implies  the  aeation  of  new 
knowledge  based  upon  existing  mental  or  cognitive 
structures.  For  constructivisis,  acquiring  knowledge  is  not 
a  tfansmittal  activity  but  rather  a  building  process 
requiring  direct  involvement  and  reflection  on  the 
cognitive  schema  or  operations  being  constructed  by  the 
individual.  This  suggests,  therefore,  that  one  becomes 
computer  literate  only  through  acUve  participation.  Being 
placed  in  front  of  a  monitor  or  CRT  does  not  in  effect 
transmit  anything  more  than  several  hundred  thousand 
electrons;  it  does  not  transmit  the  knowledge  or  under- 
standing necessary  to  efficiently  utilize  such  technology. 
It  is  with  this  framework  in  mind  that  we  have  approached 
the  concept  of  computer  literacy. 

Defining  Computer  Literacy  for  Mathematics 
Teachers 

Microcomputers  m  the  mathematics  classroom  have 
become  one  of  the  main  concerns  for  public  school 
teachers.  On  Guam,  teachers  are  faced  with  using  net- 
worked computer  laboratories  with  little  knowledge  of 
how  to  operate  or  utilize  a  microcomputer.  People  in  the 
local  school  system  responsible  for  computer  use  and 
education  have  tried  to  solve  this  problem  by  training 
technicians  to  cerate  the  file  system  without  die  teacher 
being  included  in  the  process.  This  accomplishes  two 
things.  First,  it  removes  die  teacher  from  a  significant  part 
of  the  educational  endeavor,  and  second,  it  tends  to 
restrict  computer  use  to  drill  and  practice  with  the 
machine  as  record  keeper.  Removing  the  teacher  from  a 
part  of  the  educational  process  is  a  mistake.  It  tends  to 


reinforce  Uie  feelings  of  disdain,  indifference,  and 
outright  fear  of  Uie  technology  to  which  unfamiliarity 
with  miaocomputers  leads. 

As  a  suggested  partial  solution  we  have  designed  an 
inservice  course  for  mathematics  teachers  which  is 
believed  to  address  several  of  the  problems  faced  by  these 
teachers.  However,  the  teachers*  unfamiliarity  with  the 
technology  has  led  to  the  design  of  a  course  which 
attempts  to  educate  as  well  as  train.  It  is  our  contention 
that  teachers  must  become  computer  literate  within  the 
context  of  learning  to  utilize  the  technology  in  their 
specific  classrooms.  The  course  mentioned  above  was  the 
result  of  several  requests  by  mathematics  teachers  to 
assist  them  in  learning  to  utilize  computer  technology. 
The  process  of  designing  such  a  course  raised  two  very 
complex  questions:  "What  is  computer  literacy?"  and  "Is 
it  possible  that  computer  literacy  might  depend  upon  the 
subject  being  taughtT*  These  questions  have  led  us  to 
believe  that  a  definition  of  computer  literacy  for  math- 
ematics teachers  should  reflect  the  various  needs  of  those 
teachers. 

It  is  apparent  that  for  maUiematics  teachers  to  have  an 
adequate  working  knowledge  implies  more  than  being 
able  to  tum  on  a  microcomputer,  load  a  program,  and  run 
a  given  software  package.  MaUiematics  teachers  should 
also  be  able  to  do  the  following  (Singh,  1992): 

1 .  Evaluate  a  given  software  package  for  use  in  a 
particular  classroom. 

2.  Understand  and  use  the  microcomputer  as  tool  for 
exploration  of  ideas  and  for  concept  development. 

3.  Assist  students  in  the  use  of  microcomputers  for 
exploration  of  ideas  and  concepts. 

4.  Use  and  assist  students  in  utilizmg  the  miaocomputer 
as  a  tool  for  problem  solvmg  in  the  classroom. 

5.  Have  a  working  knowledge  of  LOGO. 

Our  working  definition  of  computer  literacy  for 
mathematics  teachers  provides  a  basis  for  an  inservice 
course.  From  this  working  definition  several  questions 
were  derived.  First,  what  do  mathematics  teachers  need  to 
know  and  what  should  they  be  able  to  do?  Second, 
following  directly  from  the  first,  what  should  the  content 
of  such  a  computer  literacy  course  be?  In  the  effort  to 
answer  these  questions,  a  crucial  third  question  arose: 
What  is  the  philosophical  framework  on  which  the  course 
should  be  designed  and  that  the  mathematics  teachers 
should  apply  when  diey  make  use  of  their  new  knowl- 
edge? Although  the  diird  question  developed  from  the 
first  two  it  is  clear  that  this  question  must  be  answered 
before  the  others.  The  first  question  is  in  a  limited  sense 
answered  in  die  working  definition  of  computer  literacy 
but  it  needs  to  be  examined  in  more  detail. 
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1.  Evaluate  Software  Packages 

In  a  review  of  the  research  literature  on  computer- 
based  instrucdon,  Kulik  and  Kulik  (1987)  reported  that 
many  but  not  all  studies  indicate  that  computer-based 
instruction  does  raise  student  achievement  Hativa  (1988  - 
a)  noted  (a)  that  many  schools  use  computers  mostly  for 
drill  and  practice  and  (b)  that  computer-based  practice  did 
raise  achievement  scores  though  the  gain  with  high 
achieving  students  was  greater  than  with  low  achieving 
students.  Hativa  (1988  -  b)  documented  some  of  the 
difficulties  which  arose  with  a  particular  computer-based 
drill  and  practice  program.  The  designers  of  the  program 
gave  reasons  why  they  bad  used  a  particular  approach. 
Difficulties  such  as  no  remediation  tutorials  and  timed 
exercises  did  create  problems  for  some  of  the  students. 
These  results  suggest  that  computer-based  drill  and 
practice  programs  have  a  place,  but  dif ficullievS  do  arise, 
and  the  teacher  needs  to  have  considerable  experience 
evaluating  and  analyzing  these  programs  in  order  to  be 
able  to  use  them  effectively. 

2.  Microcomputer  as  Tool  for  Exploration  of 
Ideas  and  for  Concept  Development 

Using  a  microcomputer  for  exploration  can  be  done  in 
a  variety  of  ways.  Several  available  programs  have  been 
designed  with  exploration  and  concept  development  in 
mind.  Other  programs,  though  not  specifically  designed 
this  way,  can  be  used  for  exploration  and  concept  devel- 
opment when  they  are  in  the  hands  of  a  teacher  who  has 
the  inclination  and  the  experience  to  do  so.  One  place  to 
begin  to  acquire  the  needed  experience  is  in  a  property 
designed  computer  literacy  course.  The  inclination  to  use 
computers  in  an  exploratory  fashion  often  results  from 
learning  "how  to  do  it."  Learning  how  to  do  it  is  directly 
related  to  experience.  Examples  of  the  use  of  a  microcom- 
puter in  this  manner  may  be  found  in  programs  such  as 
The  Geometric  Supposer:  Quadrilaterals,  This  program 
permits  students  to  do  things  such  as  construct  a  variety  of 
quadrilaterals  and  to  connect  the  midpoints  of  the  sides  of 
the  quadrilaterals.  The  instructor  might  then  ask  that 
students  use  the  program  to  form  conclusions  based  on 
the  constructed  figures  and  to  make  a  variety  of  conjec- 
tures. If  the  course  is  at  an  appropriate  level,  proofs  of 
these  conjectures  might  follow.  A  second  example  of  the 
use  of  a  computer  for  exploration  and  reflection  can  be 
found  in  the  program.  Derive,  which  among  other  things 
will  draw  an  accurate  graph  of  a  function.  Student^;  could 
be  asked  to  graph  a  particular  function  which  is  the 
derivative  of  another  function.  Once  this  is  done  the  graph 
could  then  be  investigated  to  see  what  information  it 
provides  about  the  original  function. 


3.  Assist  Students  In  Exploring  Ideas  and 
Concepts 

Although  this  part  of  the  woildng  definition  of 
computer  literacy  is  somewhat  different  in  intent  than  part 
two,  the  process  of  accomplishing  it  is  very  much  the 
same.  Much  of  what  has  already  been  said  applies  here. 

4.  Assist  Students  In  Problem  Solving 

This  is  related  to  but  not  identical  to  the  previous 
category.  The  teacher  needs  to  have  a  variety  of  experi- 
ences and  considerable  knowledge  to  do  this  effectively. 
One  of  the  major  goals  of  a  computer  literacy  course  such 
as  described  in  this  paper  is  to  begin  to  provide  the 
teacher  with  both  the  experiences  and  the  subsequent 
knowledge. 

5.  Working  Knowledge  of  Logo 

This  part  of  the  working  definition  of  computer 
literacy  is  described  in  the  discussion  of  course  content. 

A  Connput0r  Ut^rocy  CcHjrM 

The  next  question  is  that  of  content.  What  should  be 
taught  to  help  mathematics  teachers  become  computer 
literate?  Since  these  teachers  are  going  to  utilize  the 
microcomputer  to  assist  mathematics  instruction,  it  is 
important  to  decide  (a)  what  mathematics  content  is  to  be 
taught  and  (b)  how  tliis  content  is  to  be  taught,  before 
making  a  decision  on  what  the  teacher  needs  to  know 
about  miCTOcomputers.  The  National  Council  of  Teachers 
of  Mathematics  (NCTM,  1989)  puts  problem  solving  as 
the  first  standard  in  all  three  divisions  of  the  grades  K-12. 
The  constructivist  approach  to  learning  suggests  that 
knowledge  is  not  conveyed  from  the  teacher  to  the 
learner,  but  it  must  be  actively  constructed  in  the  mind  of 
the  learner.  The  computer  is  a  tool  which  can  assist  with 
both  of  these  objectives.  With  these  two  objectives  in 
mind  the  authors  have  developed  a  one  semester  course 
with  several  components. 

Logo 

It  is  our  belief  that  some  experience  with  a  high  level 
language  is  necessary  to  understand  thoroughly  how 
programs  work  and  what  can  and  cannot  be  done  with 
microcomputers.  Knowledge  of  such  a  language  also 
permits  teachers  to  begin  to  develop  their  own  programs 
to  fill  in  where  commercially  available  programs  do  not 
appear  to  be  adaptable  to  the  needs  of  the  moment  Logo 
was  chosen  for  several  reasons.  It  is  not  necessary  for  the 
beginner  to  master  a  complicated  syntax  in  order  to  get 
started.  It  very  quickly  allows  the  user  to  begin  to  write 
procedures.  Error  messages  in  Logo  are  helpful  and  less 
difficult  for  the  novice  to  understand  than  in  many  other 
languages.  Some  researchers  have  found  that  teachers 
who  learned  Logo  exhibited  less  mathematics  anxiety 
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than  teachers  who  learned  BASIC.  This  could  be  of 
importance  to  some  of  the  less  well  prepared  middle 
school  and  elementary  school  teachers.  Too.  Logo  may  be 
used  to  do  mathematics  other  than  the  geometry  which 
many  of  us  have  become  familiar  through  the  use  of  turtle 
graphics.  Cuoco  (1990)  discussed  several  non  geometric 
topics  such  as  functions,  number  theory,  and  combinato- 
rics. Lewis  (1990)  used  Logo  to  explore  such  topics  as 
analytic  geometry,  vectors  and  vector  operations,  and 
linear  transformations.  There  are  other  languages  <iuch  as 
Scheme,  another  dialect  of  LISP,  which  will  do  these 
things  quite  well  but  they  often  require  more  computer 
capacity  than  many  teachers  have  available. 

Analyses  of  Software 

There  is  a  large  variety  of  software  available  and  it  is 
necessary  for  the  teacher  to  decide  how  and  when  to  use  it 
in  the  classroom.  There  are  many  sources  of  infcmnation 
available  to  help  the  teacher  evaluate  software.  This 
information  along  with  reviews  of  specific  pieces  of 
software  can  help  the  teacher  make  decisions  about 
particular  programs  and  how  to  use  them  in  a  given  class. 
This  course  provides  the  teacher  both  the  opportunity  to 
investigate  and  analyze  software  and  learn  where  to  find 
information  about  software.  The  teacher  is  also  required 
to  plan  ways  in  which  the  software  may  be  effectively 
used  in  a  class  with  a  particular  group  of  students. 

Adaptation  of  Software 

Although  some  of  the  software  available  may  not  do 
just  what  the  teacher  wishes  to  accomplish,  it  still  may 
have  potential.  With  such  software  a  teacher  with  the 
proper  experiences  may  well  be  able  to  adapt  the  software 
to  fit  the  needs  of  a  given  class.  Ability  of  this  type  would 
extend  the  usefulness  of  much  of  the  software  available  to 
many  teachers.  An  example  of  this  might  v^'ell  be  the 
modification  of  the  use  of  a  drill  and  practice  computer 
lesson  to  explore  a  new  idea  or  to  extend  a  student's  grasp 
of  a  given  concept.  The  use  of  commercially  available 
software  for  the  development  and  exploration  of  new 
ideas  is  important  for  the  computer  literate  mathematics 
teacher.  Often  this  requires  more  than  routine  use  as 
presented  in  a  manual.  The  teacher  needs  to  develop  the 
knowledge  necessary  lo  find  different  and  novel  ways  to 
use  such  software.  The  computer  literacy  course  we  have 
developed  requires  the  teacher  to  work  with  particular 
software  and  to  find  ways  to  change  its  use  to  obtain  goals 
somewhat  different  from  the  one  presented  by  the 
software  developers. 

Development  of  Specific  Curriculum 

If  the  teacher  is  to  make  effective  use  of  what  was 
learned,  it  is  necessary  to  know  where,  when,  and  how  to 
integrate  the  microcomputer  into  the  curriculum.  One  part 


of  this  course  is  to  have  liie  teachers  take  their  curriculum 
and  modify  it  to  include  Uie  use  of  mioocomputers. 

Conclusions  and  Reconrwnendations 

An  obvious  question  to  be  answered  about  a  computer 
literacy  course  for  mathematics  teachers  is  "What  should  I 
gain  from  this  course?"  It  is  clear  to  anyone  teaching 
matliematics  at  the  secondary  or  tertiary  level  that 
technology  is  having  a  major  impact  on  what  we  teach 
and  bow  it  is  to  be  taught.  Therefore,  it  is  essential  that 
computer  literate  teachers  be  able  to  adapt  this  technology 
to  meet  their  instrucdonal  goals.  With  the  advent  of 
various  operating  systems  such  as  DOS,  HyperCard, 
Windows,  and  networked  systems  such  as  Novelle  and 
AppleTalk,  it  Is  no  longer  sufficient  to  load  a  disk  into  an 
Apple  II  computer.  Teachers  must  be  knowledgeable 
about  the  available  software  for  their  particular  system. 
They  need  to  know  not  only  how  to  operate  their  system 
but  also  how  to  use  such  software  competently  and 
efficiently.  Knowing  how  to  use  such  programs  as  the 
Geometric  Supposers,  Green  Globs,  Maple,  Mathemaiica, 
and  Derive  are  beccnning  essential.  Development  of  Lx)go 
miaoworlds  and  their  potential  for  exploration  of 
concepts  and  conjecturing  are  also  essential  elements  for 
any  technologically  advanced  curriculum.  The  notion  of 
computer  literacy  is  constantly  changing  and  what  is 
sufficient  for  a  computer  literate  mathematics  teacher 
today  will  certainly  not  be  sufficient  tomorrow.  This  is 
just  one  of  the  many  reasons  fw  inservice  training  as 
described  in  this  paper.  It  is  also  one  of  the  major  reasons 
why  computer  literacy  must  be  viewed  as  being  a  content 
specific  notion.  Otherwise,  the  technology  will  soon 
become  too  great  an  obstacle  for  any  one  teacher  to 
command  withm  a  classroom,  and  the  idea  of  trained 
technicians  orchestrating  drill  and  practice  routmes  will 
become  a  reality. 
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Many  students  enter  college  with  weak  skills  in 
niathemaiics  and  elementary  algelxa.  Past 
investigators  have  studied  the  effects  of 
various  teaching  strategies  in  the  area  of  algebra,  the 
nature  of  spatial  ability  and  its  relation  to  mathematical 
problem-solving  ability,  the  relationship  between  cogni- 
tive level  and  success  in  mathematics,  and  the  effects  of  a 
symbol  manipulator  in  the  teaching  of  mathematics. 
Studies  have  shown  that  general  spatial  ability  is  signifi- 
cantly correlated  with  achievement  in  mathematics 
(Fennema  &  Sherman,  1978).  Because  of  this,  spatial 
ability  is  of  special  interest  to  mathematics  educators. 

Iben  (1985/1986)  suggests  that  what  takes  place  in  the 
mathematics  classroom  has  a  significant  influence  on  a 
student's  development  of  space  relation  and  abstract 
mathematical  thought.  Since  studies  have  shown  that 
spatial  ability  is  a  reasonable  predictor  of  general  prob- 
lem-solving abUity  (Rolen,  1985),  educators  could  ask 
whether  the  use  of  a  graphing  calculator  would  lead  to 
enhancement  of  a  student's  spatial  skills  and  abstract 
problem-solving  abilities.  Research  has  shown  that 
pictorial  representations  provide  concrete  examples  of 
concepts  to  the  learner  and  aid  in  further  abstraction 
(Alesandrini,  1984).  HoUiday  (1975)  has  reported  that 
information  delivered  verbally  suK>orted  by  visual 
representation  helps  the  adult  learn  new  concepts  better 
•  than  verbal  representation  alone. 

The  effect  of  the  graphing  calculator  upon  the  general 
cognitive  processes  required  of  the  student  in  an  elemen- 
tary algebra  course  is  worthy  of  investigation.  Piaget's 
(1971)  theory  of  learning  suggests  that  academic  achieve- 
ment is  influenced  by  a  subject's  cognitive  level  and  the 
manner  in  which  the  subject  is  taught.  Studies  have  found 
that  many  college  students  have  not  achieved  a  fonnal- 
operational  level  of  cognitive  development  (Lawson, 
Nordland,  &  DeVito,  1975  check  date)  and  yet  formal- 
operational  thinking  is  necessary  for  the  understanding  of 
many  mathematical  concepts  included  in  elementary 
algebra  (Collis,  1973, 1974, 1975).  The  graphing  calcula- 
tor provides  oj^rtunities  for  concrete  visual  investiga- 
tion of  algebraic  topics,  supporting  the  learning  experi- 
ence of  the  older  concrete  operational  individual.  This 
experience  could  lead  to  the  use  of  higher-order  thmkmg 
skills  by  the  student. 

Purposes  and  Procedures 

During  the  Fall  of  1990,  a  two-purpose  study  was 
conducted  at  the  College  of  New  Rochelle  (Shoaf-Grubbs, 
1992).  The  first  purpose  was  to  investigate  the  effect  of 
the  graphing  calculator  on  students'  general  spatial 
ability.  In  addition,  the  effect  of  the  graphing  calculator 
was  investigated  in  each  of  three  topics  in  an  elementary 
college  algebra  course  in  which  visualization  plays  a 
particularly  important  role: 
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1.  Linear  Equations 

2.  Systems  of  Linear  Equations 

3.  Parabolas 

Hie  second  purpose  was  to  examine  the  effect  of  the 
graphing  calculator  upon  the  general  cognitive  processes 
required  of  the  student  in  the  course.  As  in  the  case  of 
spatial  visualization,  the  student's  level  of  understanding 
in  the  mathematical  concepts  was  examined  in  two 
perspectives:  first,  in  tenns  of  the  general  cognitive  level 
or  level  of  understanding,  and  second,  in  terms  of  level  of 
understanding  in  each  of  the  three  specific  tc^ics. 

The  goal  was  to  present  the  algebra  topics  in  a  manner 
supporting  Bruner's  (1960)  *act  of  discovery'  concept. 
The  control  group  was  taught  using  a  more  traditional 
method  of  instruction.  This  traditional  method,  however, 
was  not  carried  out  in  a  pure  lecture  mode  of  instruction, 
Gr^hs  were  presented  in  detail  in  the  control  group 
sessions.  In  the  experimental  group  the  graphs  were 
CTcated  using  the  TI-81  grat)hing  calculator,  whereas  in 
the  control  group  the  graphs  were  viewed  by  using 
overhead  transparencies  and  sketches  on  graph  paper. 
Care  was  taken  that  the  lessons  and  delivery  by  the 
instructor,  time  on  task,  and  number  of  graphs  examined 
by  each  group  were  the  same.  Both  sections  were  taught 
by  the  investigator. 

During  the  semester  the  students  were  pre-  and 
posttested  for  general  spatial  skills  level  and  level  of 
understanding  in  elementary  algebra  and  graphs  using  the 
following  instruments: 

1.  Spatial  SkiUs 

a.  Card  Rotations  Test,  S  - 1 

b.  Paper  Folding  Test,  VZ-2 

2.  Algebra  and  Graphs 

a.  Chelsea  Diagnostic  Mathematics  Tests-Algebra 

b.  Chelsea  Diagnostic  Mathematics  Tests-Graphs 

The  Chelsea  tests  were  developed  as  a  means  to 
measure  and  identify  a  hierarchy  of  understanding 


connectmg  mathematical  concepts  (Brown,  Hart,  & 
Kuchemann,  1985).  Since  the  emphasis  was  on  level  of 
understanding,  the  tests  contained  relatively  few  items 
requiring  routine  mechanical  skills  (Hart,  Brown, 
Kerslake,  Kuchemann,  &  Ruddock,  1985).  Posttests  were 
administered  at  the  conclusion  of  the  course  to  determine 
how  much  growth,  if  any,  occurred  during  the  semester. 

Students  were  also  pre-  and  posttested  for  specific 
spatial  ability  skills  and  level  of  understanding  in  each  of 
the  three  specific  algebra  topics.  After  posttesting, 
exploratory  data  analysis  was  carried  out  in  the  fonn  of 
scattergrams.  The  scattergrams  were  vital  in  that  they  not 
only  rendered  a  pictorial  representation  of  what  was 
occurring  from  pretest  to  posttest  but  also  depicted  the 
progress,  or  lack  thereof,  of  each  individual  student  and 
class.  The  two-sample  r-statistic  was  calculated  for  the 
gains  (difference  in  the  posttest  and  pretest  scores)  in  each 
of  the  reported  nineteen  tests  and  test  combinations. 

Results 

In  /der  to  fully  understand  how  the  visual  and 
statistical  data  analysis  was  carried  out,  two  tests  will  be 
discussed  in  detail  followed  by  a  sunmiary  of  the  other 
seventeen  tests  and  test  combinations.  The  Chelsea 
Graphs  test  consists  of  three  levels  -  from  Level  I  consist- 
ing of  the  most  elementary  concepts  to  Level  3  involving 
the  most  advanced  concepts.  In  addition  to  examining  the 
results  for  each  level,  the  Total  Graphs  Test  consisting  of 
all  three  levels  totaling  24  items  was  analyzed. 
Scattergram  #1  (Figure  1)  plots  each  student's  pretest 
score  on  the  x-axis  and  her  corresponding  gain  on  the  y- 
axis.  The  investigator  also  included  a  diagonal  *perfec- 
tion'  line  to  aid  in  the  visual  interpretation  of  the  data  A 
scattergram  using  the  diagonal  line  indicator  of  post  score 
'perfection'  serves  as  an  excellent  visual  representation  of 
both  of  these  factors  simultaneously.  From  the 
scattergram,  information  can  be  obtained  about  the 
subject's  beginning  performance,  the  amount  of  gain,  and 
how  successful  the  subject  was  in  striving  for  'perfection' 


Table  1 

Descriptive  Statistics  of  the  Graplis  Tests  Total 

Statistic 

Experimental  (n  =  19) 

Control  (n  =  18) 

CG-EG  Difference' 

Pretest  Mean 

15.05 

17.17 

2.12 

Posttest  Mean 

20.79 

18.67 

-2.12 

Gain  (Post  -  Pre)'' 

5.74 

1.50 

-4.24 

'  CG  =  control  group,  EG  =  experimental  group 
^p=.002(r  .test,d/=  35) 
Note:  Maximum  Score  =  24 
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PRE  SV  #3 
0  Experimental 
+  Control 

EG  SV  3  mean  gain  =  5.74 
CG  SV  3  mean  gain  =  1.50 


Figure  1.  Scattergram  #1. 
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Figure  2.  Scattergram  #2. 
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by  the  end  of  the  experiment.  The  position  of  the  experi- 
mental group  (represented  by  diamonds)  closer  to  this 
diagonal  perfection  line  is  quite  obvious  in  Scattergram 
#1 .  Two  other  visual  aspects  of  this  scattergram  are  worth 
mentioning.  One  is  that  the  number  of  members  of  the 
experimental  group  scoring  12  or  fewer  points  on  the 
pretest  is  three  times  greater  than  the  number  of  members 
of  the  control  group.  The  majority  of  the  control  group 
pretested  at  15  or  more  points  out  of  the  possible  24 
points.  The  second  aspect  concerns  the  greater  number  of 
^stragglers'  in  the  control  group  at  the  time  of  posttesting. 
By  *stragglers\  we  mean  students  hovering  away  from 
the  diagonal  line  of  perfection.  The  statistical  results 
summarized  in  Table  1  support  the  visual  representation 
of  Scattergram  #1. 

The  experimental  group  started  with  a  mean  more  than 
two  points  lower  than  that  of  the  control  group.  However, 
the  same  group  posttested  more  than  two  points  higher 
than  the  control  group.  The  gain  of  nearly  6  points  by  the 
experimental  group  is  significant  at  the  .002  level. 

As  a  second  example,  consider  Spatial  Visualization  3 
covering  parabolas  (Table  2).  Scattergram  2  (Figure  2) 
supports  these  statistics.  The  two  groups  are  well  matched 
at  the  time  of  pretesting  with  15  members  from  each 
group  scoring  4  or  fewer  points.  However,  the  gair  of  the 
experimental  group  is  twice  that  of  the  control  group.  This 
is  quite  obvious  in  the  scattergram  as  the  experimental 
group  dominates  the  area  close  to  the  diagonal  perfection 
line,  whereas  the  'sffaggler'  territwy  is  dominated  by  the 
control  group. 


Table  2 

Statistics  for  Spatial  Visualization  3 

CG-EG 

Statistic 

Experimental 

Control 

Difference 

(n  =  19) 

(/i=18) 

Pretest  Mean 

3.11 

2.50 

-0.61 

Posttest  Mean 

8.47 

5.17 

-3.30 

Gain  (Post  -  Pre)" 

5.36 

2.67 

-2.69 

•  CG  =  control  group,  EG  =  experimental  group 
»'p=.005,  r-test,4r=35 

Note:  Maximum  Score  for  Spatial  Visualization  3  =  11 


There  were  15  tests  and  4  aggregated  test  combina- 
tions analyzed,  rendering  19  test  results  for  examination. 
The  pre-  and  posttest  scores  were  compared  as  well  as  the 
gains  made  by  each  group  in  each  test.  The  following 
summary  indicates  how  the  groups  compared  in  each  of 
the  testing  situations.  For  example,  in  two  of  the  pretests 
(Gr^hs  1  and  Spatial  Visualization  3),  the  Experimental 
Group  had  a  higher  mean  than  the  Control  Group. 


However,  in  the  remaining  17  pretests,  the  Control  Group 
showed  higher  pretest  scores.  The  t-test  statistics  support 
the  conclusion  that  the  "positive  mcmientum"  in  both  the 
level  of  understanding  and  spatial  skills  exhibited  by  the 
Experimental  Group  throughout  the  research  period  was 
not  experienced  by  the  Control  Group. 

Pretests — ^Experimental  Group  Mean  >  Control  Group 
Mean  (2  comparisons) 
Gr^hs  1 

Spatial  Visualization  3 

E*retests — Experimental  Group  Mean  <  Control  Group 
Mean  (17  comparisons) 

Card  Rotation 

Paper  Folding 

Chelsea  Algebra  1,  2,  3, 4,  Total 
Chelsea  Grafts  2, 3,  Total 
Level  of  Understanding  1,  2,  3,  Total 
Spatial  Visualization  1, 2,  Total 

Posttests-Experimental  Group  Mean  >  Control  Group 
Mean  (13  comparisons) 

Card  Rotation 

Paper  Folding 

Chelsea  Algebra  4 

Chelsea  Graphs  1, 2, 3,  Total 

Level  of  Understanding  2,  3,  Total 

Spatial  Visualization  1,  3,  Total 

Posttests-Experimental  Group  Mean  <  Control  (jroup 
Mean  (6  comparisons) 

Chelsea  Algebra  1,  2, 3,  Total 

Level  of  Understanding  1 

Spatial  Visualization  2 

Experimental  Group  Gain  >  Control  Group  Gain  (16 
comparisons) 

Card  Rotation 

Paper  Folding 

Chelsea  Algebra  1,  2, 4,  Total 
Chelsea  Graphs  2  3,  Total 
Level  of  Understanding  1,  2,  3,  Total 
Spatial  Visualization  1,  3,  Total 

Experimental  Group  Gain  <  Control  Group  Gain  (3 
comparisons) 

Chelsea  Algebra  3 

Chelsea  Graphs  1 

Spatial  Visualization  2 
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Test  Gains  Showing  Significance  (r-test,  10  comparisons) 
Card  Rotation 
Paper  Folding 
Chelsea  Graphs  2,  3,  Total 
Level  of  Understanding  1,  Total 
Spatial  Visualization  1, 3,  Total 

The  scattergram  data  analysis  and  statistical  analysis 
support  the  conclusion  that  the  graphing  calculator  does 
have  a  positive  and  significant  influence  on  the  perfor- 
mance of  female  students  in  elfjoientary  coUege  algebra. 
Spatial  visualization  skills  improve  along  with  the  level  of 
understanding.  The  graphing  calculator's  visual  represen- 
tation of  the  mathematical  concepts  is  important  as  both  a 
heuristic  and  pedagogic  tool,  particularly  for  those  weaker 
students  in  the  concrete-operational  or  early  formal- 
operational  level  of  cognitive  development.  Through  this 
use  of  visual,  multiple  self-paced  explorations,  students 
are  able  to  use  concrete  imagery  to  move  toward  higher 
levels  of  understanding  arid  abstraction.  Mathematical 
knowledge  is  a  product  of  conscious  reflection;  the  more 
absU^t  the  concept,  the  more  reflection  is  needed.  The 
study  indicates  that  it  is  possible  through  the  use  of  the 
graphing  calculator  to  create  an  interactive  learning 
environment  in  which  students  are  more  likely  to  con- 
struct their  own  mathematical  understanding  through 
conscious  reflection.  The  normally  passive  student 
becomes  actively  involved  in  the  discovery  and  under- 
standing process.  Students  no  longer  view  mathematics  as 
receiving  and  remembenng  algorithms  and  methods  of 
solution. 
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Geometry  in  game 
settings 
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Greensboro 


The  teaching  of  geometry  is  undergoing  significant 
change.  There  are  two  apparent  causes  of  this 
change:  (a)  recommendations  by  the  National 
Council  of  Teachers  of  Mathematics  (NCIM,  1989)  and 
(b)  development  of  computer  applications  which  greatly 
ease  the  difficulties  of  constructing  geometric  figures. 
NCTM  presents  a  view  of  geometry  that  is  somewhat 
different  from  the  traditional  role  for  this  content  in 
textbooks  or  state  curriculum  guides.  In  particular,  there  is 
more  emphasis  on  development  of  spatial  visualization 
skills,  and  students  are  expected  to  solve  jM-oblems  that 
involve  mental  manipulation  of  visual  information. 
Computer  tools  ease  instruction  and  provide  "reality"  and 
motivation  for  students.  In  fact,  Lesh  and  Lamon  (1992, 
p.  39)  suggest  that  computer  environments  are  at  least  as 
real  for  many  students  as  "real-world"  applications. 

Although  geometry  is  a  subject  that  can  be  embedded 
in  a  variety  of  real  world  contexts,  it  can  also  be  embed- 
ded in  games,  which  seem  to  have  unique  value  for 
keeping  students  engaged.  Combining  the  motivational 
characteristics  of  computers  and  games,  then,  may  prove 
to  be  exceptionally  effective,  at  least  in  part  because 
computer  graphics  can  change  repeatedly  during  play  of  a 
game,  while  displays  in  printed  materials  are  limited  to 
the  images  created  by  the  developers  of  those  materials. 
Computer  games  might  be  a  supportive  environment  for 
development  of  critical  visualization  skills. 

This  paper  iM-ovides  an  overview  of  what  we  know 
about  the  learning  engendered  by  manipulative  and 
computer  games.  Then  implications  for  teacher  education 
are  discussed. 


Manipulative  Instructional  Gannes 

The  largest  body  of  instructional,  non-computer 
geometry  games  is  Bright,  Harvey,  and  Wheeler  (1985). 
Their  research  included  three  different  geometry  games 
designed  to  help  students  develop  understanding  at  the 
comprehension  and  analysis  levels  of  Bloom's  cognitive 
taxonomy  (Bloom,  1956).  The  understanding  of  geometry 
leaming  resulting  from  these  investigations  laid  the 
groundwork  for  later  study  of  computer  games. 

Bright  et  al.  studied  two  games  at  the  comprehension 
level.  One  game  was  used  after  instruction  designed  to 
produce  mastery  of  the  content  (post-instructional  level) 
and  dealt  with  estimation  of  lengths  and  angles.  The  other 
game  was  used  jMior  to  instruction  designed  to  produce 
mastery  (pre-instructional  level)  and  dealt  with  recogniz- 
ing the  faces  of  three  dimensional  solids.  For  both  games, 
performance  improved  not  only  for  tests  at  the  compre- 
hension level  but  also  for  tests  at  lower  levels. 

One  game,  at  the  analysis  level,  was  used  with 
students  in  grade  10  at  the  co-instructional  level  (i.e., 
along  with  instruction  designed  to  produce  mastery  of  the 
content)  and  die  post-instructional  level.  This  game  dealt 
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with  making  lists  of  properties  common  to  sets  of  figures. 
At  the  post-instructional  level,  students*  scores  did  not 
improve  on  the  test  of  analysis  level  items;  however,  at  a 
lower  taxonomic  level  scores  did  improve.  At  the  co- 
instructional  level,  scores  on  the  analysis  level  test  did 
improve  significantly  for  the  experimental  group  but  not 
for  the  control  group.  However,  a  comparison  of  the  two 
groups  did  not  reveal  any  differences  for  either  the 
analysis  level  test  or  the  lower  level  test. 

Overall,  these  studies  suggest  that  games  can  be 
effective  tools  for  improving  geometry  and  spatial 
performance.  However,  the  mechanisms  by  which  this 
improvement  occurs  seems  to  be  complex.  Merely 
providing  opportunities  to  learn,  especially  at  the  higher 
taxoncmic  levels,  is  not  adequate. 

CofYVxrter  Games 

The  game  dealing  with  estknation  of  lengths  and 
angles  was  translated  into  a  computer  version  (Kraus, 
1982).  For  preservice  teachers,  changes  in  performance  in 
the  computer  environment  did  not  parallel  changes  noted 
in  the  non-computer  vision  (Bright  1985  -  a,  1985  -  b). 
The  cOTiputer  version  seemed  less  effective  for  teaching 
length  estimation,  perh^s  because  of  the  built-in  distor- 
tion of  vertical  and  horizontal  lengths  on  a  computer 
screen.  This  suggests  that  translations  of  non-computer 
instruction  to  computer  environments  may  not  result  in 
similar  instructional  effectiveness. 

The  results  also  raised  concerns  about  differences  in 
the  processes  that  subjects  might  be  using  in  manipulative 
and  computer  versions  of  the  games.  Bright  (1988  -  a, 
1988  -  b)  investigated  these  processes  with  fourth  and 
sixth  graders  and  observed  differences,  although  no 
differences  in  performance  were  observed.  As  expected, 
differences  were  noted  on  behaviors  tied  to  specific  rules 
that  were  different  in  the  two  versions,  but  students  using 
the  computer  version  also  spent  markedly  more  time  on 
task  than  students  using  the  non-computer  version. 

These  studies  provide  insight  into  the  fact  that 
students  interpret  information  differently  in  computer  and 
non-computer  environments.  This  observation  raises  the 
issue  of  whether  computer  games  that  take  fuU  advantage 
of  computing  power  (e.g.,  TETRIS)  might  be  effective  at 
teaching  geometry  skills  that  might  not  be  teachable  in 
non-computer  formats. 

Video  Gornes 

TETRIS  is  a  video  game  which  allows  players  to 
explore  the  relationships  among  sh^s.  It  is  a  conceptual 
game,  with  components  of  both  visualization  and  orienta- 
tion. That  is,  the  game  requires  mental  operations  of 
visual  images,  involving  both  images  of  completed  game 
boards  and  rearrangements  of  the  playing  pieces  within 
those  game  boards. 


Spatial  learning  proceeds  at  two  different  levels: 
perceptual  and  conceptual.  Generally,  percq)tion  refers  to 
a  situation  where  the  senses  gather  static  information  from 
the  environment  and  transmit  that  information  to  the 
brain,  analogous  to  a  camera  taking  a  picture.  Perceptions, 
however,  are  not  simply  transmission  of  a  copy  of  an 
object;  instead,  perceptions  of  static  space  are  con- 
structed. Development  of  perception  seems  to  require  the 
organization  and  coordination  of  the  sensory  information 
of  prior  experiences  which  have  been  coded  and  stored 
along  with  the  activity  involved  in  gathering  that  informa- 
tion (Lesh  &  Mierkiewicz,  1978).  Conceptions,  unlike 
perceptions,  do  not  involve  static  ideas  but  rather  mental 
operations  which  consist  of  transforming  what  is  observed 
(Montangero  &  Smock,  1976).  Representations  of 
transformations  are  possible  only  when  oMiceptual 
development  interacts  with  the  perceptual  image 
(Montangero,  1976).  Clear  progress  in  representing 
transformations  can  be  found  around  7  years  of  age. 
Generally  speaking,  learning  spatial  concepts  seems 
strongly  related  to  attempts  at  representing  spatial 
transformations. 

Spatial  ability  is  a  cognitive  skill  which  involves  both 
perception  of  spatial  relationships  and  manipulation  of 
visual  material  mentally  (Connor  Sl  Serbin,  1985).  There 
are  two  distinct  factors  of  spatial  abilities:  orientation  and 
visualization.  A  figure  must  be  perceived  as  a  whole  in 
spatial  orientation  but  must  be  mentally  restructured  into 
components  for  manipulation  in  spatial  visualization. 
Spatial  orientation  tasks  rotate  or  translate  the  entire 
object.  These  activities  require  that  a  person  see  that  the 
pattern  arrangement  of  a  structure  is  maintained  even 
though  the  direction  or  angle  of  inspection  has  been 
changed.  A  visualization  task  requires  an  understanding 
of  how  the  parts  of  a  structure  can  change  position  in 
relation  to  each  other  and  yet  not  violate  the  way  the 
pattern  connects.  A  classic  example  is  the  visualized 
paper  folding  task  in  which  a  person  must  anticipate  what 
a  pattern  will  look  like  when  it  is  folded. 

With  regard  to  transformational  geometry,  Moyer 
(1978)  questioned  whether  understanding  of  two- 
dimensional  isometrics  is  dependent  on  an  explicit 
awareness  of  the  physical  motion  related  to  a  given 
transformation.  He  concluded  that  from  a  mathematical 
point  of  view,  motion  need  not  be  involved,  but 
cognitively  it  may  be  essential  for  the  development  of  the 
concept.  Kelly  (1989/90)  found,  however,  that  the 
feedback  characteristic  of  software  for  teaching  transfor- 
mational geometr>'  seemed  more  important  than  the 
motion  characteristic.  In  TETRIS  feedback  is  much  less 
explicit  than  in  W.t  software  Kelly  used.  In  TETRIS 
students  must  learn  to  interpret  the  visual  display  within 
quite  rigid  time  constraints. 
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Description  of  TETRIS 

TETRIS  is  a  puzzle  video  game  in  which  different 
geometrically  shaped  game  blocks  fall  down,  one  after  the 
other  into  a  10  x  20  unit  game  field.  The  shape  of  the 
block  that  falls  is  randomly  selected  by  the  computer. 
Each  block  is  foimed  from  four  small  squares  (i.e., 
tetrominoes),  analogous  to  the  well  known  pentominoes. 
The  shapes  can  be  identified  as  4-bar,  4-square,  L,  reverse 
L,T,  2^  and  reverse  Z. 

The  object  of  the  game  is  to  keep  the  blocks  from 
piling  up  to  the  top  of  the  game  field.  To  do  this,  one  can 
(a)  translate  a  playing  block  left  or  right  and  (b)  rotate  it 
as  it  falls.  As  horizontal  lines  are  filled,  those  lines  are 
erased  from  the  playing  field  and  points  are  awarded.  Play 
continues  until  the  blocks  pile  up  to  the  top  of  the  game 
field. 

At  all  times  during  the  game  two  playing  blocks  are 
visible:  the  one  that  is  currently  in  play  and  the  one  that 
will  appear  next  at  the  top  of  the  playing  field.  To  become 
expert,  one  must  visualize  the  placement  of  the  current 
playing  block  in  order  to  plan  for  the  placement  of  the 
next  block.  As  players  plan  the  placement  of  both  the 
current  piece  moving  down  on  the  screen  and  the  piece 
which  will  appear  next  at  the  top  of  the  screen,  changes  in 
the  board  must  be  mentally  constructed  for  various 
placements  of  the  pieces  (i.e.,  visualization).  Since  there 
is  not  time  to  generate  physically  all  possible  transforma- 
tions on  a  piece  falling  down  the  saeen,  players  need  to 
generate  at  least  some  of  those  transfonnation  mentally  in 
order  to  use  their  time  efficiently  (i.e.,  orientation). 
Mental  imaging  of  the  playing  field  with  the  current 
playing  block  positioned  is  necessary  in  order  to  "plan 
ahead"  for  the  placement  of  the  next  block  (i.e.,  spatial 
visualization).  Thus,  TETRIS  requires  the  development  of 
a  metacognitive  skill,  "planning  ahead,"  as  well  as  both 
spatial  orientation  and  spatial  visualization  skills.  Since 
there  are  a  several  different  shapes  for  the  playing  pieces, 
players*  differential  skill  at  orienting  these  various  shapes 
might  differentially  affect  their  planning  ahead  skills  for 
these  shapes. 

Research  Results  about  TETRIS 

Generally  speaking,  the  results  of  interviews  of 
children  playing  this  game  (Bright,  Usnick,  &  Williams, 
1992;  Williams  &  Bright,  1991)  indicate  that  some 
children  do  organize  their  visual  thinking  during  play  of 
the  game,  though  it  is  not  clear  whether  most  children  do. 
Some  children  also  use  verbal  cues  (i.e.,  names  of  real- 
world  objects,  like  chair,  for  different  orientations  of 
pieces)  to  help  them  organize  cognition,  but  small 
samples  prevent  a  generalization  about  this  behavior. 
During  continued  play,  students  often  appear  to  select  a 
position  for  the  playing  block,  rotate  and  translate  the 
piece  so  that  it  would  fit  into  that  position,  and  then  rotate 


the  piece  again  through  a  complete  360  degree  turn.  As  a 
piece  is  rotated,  students  seem  to  observe  other  openings 
in  the  lower  portion  of  the  playing  field,  occasionally 
reevaluate  their  original  decisions,  and  move  the  piece  to 
a  new  position.  Students  appear  to  be  utilizing  both 
figural  and  operational  reasoning  in  this  process.  In  one 
particular  case  (Williams  &  Bright,  1991)  the  six-year-old 
subject  never  performed  this  ritual  with  the  bar  or  square 
blocks  and  only  occasionally  with  the  Z  or  reverse  Z 
blocks;  but  he  regularly  did  so  with  the  L,  reverse  L,  and 
T  blocks.  Older  subjects  (Bright  et  al.,  1992)  rotated  the  L 
and  reverse  L  much  more  than  other  pieces. 

(Quantitative  studies  with  older  students  (McCoy  & 
Braswell,  1991, 1992)  have  attempted  to  detennine  if 
performance  measures  (e.g.,  number  of  transformations 
performed  on  pieces,  card  rotations  test)  would  reveal 
differences  by  gender  or  experience.  Among  novice 
players,  there  were  no  gender  differences  with  respect  to 
the  kinds  of  U:ansformations  applied  to  the  playing  pieces 
during  play  of  the  game.  However,  pretest/posttest 
comparisons  of  performance  on  spatial  visualization  tests 
did  show  improvement  in  scores  after  four  weeks  of 
practice  with  the  game. 

There  is  evidence  across  all  the  studies  cited  that 
players  of  different  ages  not  only  explicitly  recognize 
"planning  ahead"  as  important  but  also  attempt  to 
incorporate  into  their  play.  It  is  not  known  whether 
transfer  occurs  from  this  environment  to  other  problem 
solving  tasks,  but  at  least  there  are  preliminary  indications 
that  TETRIS  might  make  the  teaching  of  planning  ahead 
possible. 

Implications  for  Teacher  Education 

First,  there  are  many  areas  of  the  mathematics 
curriculum  for  which  we  have  real-world  and  computer 
environments  which  teachers  can  select  to  use  to  teach 
content;  for  example,  (a)  geoboards  versus  computer 
simulations  of  geoboards  in  which  points  on  a  grid  can  be 
connected  and  (b)  compass  and  straightedge  for  construc- 
tions versus  computer  drawing  tools.  Presumably,  the 
computer  environments  are  generally  somewhat  more 
abstract.  Teacher  educators  need  to  help  preservice  and 
inservice  teachers  deal  with  the  decision  making  required 
to  choose  learning  environments  at  apprc^riate  levels  of 
abstraction.  Having  inaeasingly  abstract  environments 
from  which  to  choose  is  reminiscent  of  Bniner's  (1960) 
view  of  concrete,  iconic,  and  symbolic  development  of 
ideas,  though  it  is  not  clear  how  good  the  match  is 
between  these  analogous  conceptualizations.  The  suidy  of 
geometry  learning  across  settings  will  help  to  reveal 
principles  for  instruction  that  could  be  tested  in  other 
parallel  areas;  for  example,  algebra  tiles  versus  demon- 
strations of  algebra  tiles  versus  computer  simulations  of 
algebra  tiles. 
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The  results  of  studies  of  manipulative  games,  their 
computer  translations,  and  video  games  also  have 
important  implications  for  the  possible  transfer  of  video 
game  learning  to  school  settings.  Players  seem  to  need 
actual  manipulation  of  objects  or  of  images  of  objects  to 
support  their  thinking  about  orientation.  One  would, 
therefore,  not  expect  school  instruction  to  be  successful 
unless  it  too  provided  that  support  for  thinking.  Without 
that  support,  students  might  be  reluctant  to  experiment 
with  orientation  skills  or  to  apply  what  they  learned  in  the 
video  game  setting  to  school  tasks.  Coordinating  non- 
ccwiputer  with  computer  experiences  may  be  one  way  to 
help  students  learn  to  connect  their  geometric  learning 
across  instructional  environments.  Teacher  education 
programs  need  to  help  preservice  and  inservice  teachers 
learn  to  help  students  make  these  connections. 

Second,  teacher  educators  need  to  know  how  learning 
is  different  in  different  environments  so  they  can  help 
preservice  and  inservice  teachers  understand  the  effects  of 
environment.  That  is,  what  concepts  of  geometry  do 
students  learn  in  a  manipulative  environment  that  they 
don't  learn  in  a  computer  environment  (and  vice  versa)? 
How  does  the  environment  restrict  what  students  can 
learn,  and  how  can  teachers  help  students  overcome  these 
restricti(Kis? 

In  TETRIS,  for  example,  there  is  a  built-in  time  factor. 
Players  are  rewarded  for  their  ability  to  plan  ahead  in  the 
placement  of  pieces.  Since  lime  is  not  nearly  as  critical  a 
factor  in  traditional  school  settings,  looking  ahead  does 
not  seem  to  be  a  skill  that  is  rewarded  much  in  school 
instruction.  That  is,  in  school  students  usually  have 
sufficient  time  both  to  consider  many  different  options  for 
solving  a  problem  and  to  explore  at  least  several  of  those 
options.  Real  life,  on  the  other  hand,  often  involves 
situations  in  which  there  is  not  adequate  time  to  identify 
multiple  options  or  explore  all  options.  Looking  ahead, 
then,  might  be  better  developed  in  students  who  have 
sophisticated  "street  skills"  than  in  students  who  are  more 
"protected"  from  having  to  deal  with  survival  in  the  real 
world.  Teacher  educators  might  be  able  to  help  preservice 
and  inservice  teachers  use  this  characteristic  of  TETRIS 
to  improve  metacognitive  performance  of  students. 

Too,  students'  tendencies  in  TETRIS  to  rotate  a  figure 
through  a  complete  360  degree  turn,  even  after  a  decision 
on  where  to  place  the  block  suggests  that  they  utilize  both 
figural  and  operational  reasoning  during  play.  Students 
appear  to  be  unsure  of  their  mental  visualization  skills  and 
used  actual  rotations  to  validate  their  thinking.  That  is, 
players  took  advantage  of  the  environment  to  support 
their  learning.  If  this  is  a  consistent  pattern  aaoss  ages, 
then  this  would  seem  to  be  important  information  for 
teacher  educators  to  communicate  to  preservice  and 
inservice  teachers. 

Third,  teacher  educators  need  to  know  how  teaching 


strategies  change  as  the  environment  for  supporting 
learning  changes.  What  kinds  of  questions  should  teachers 
ask  when  manipulatives  are  used  versus  when  computers 
are  ised?  Should  the  questions  be  dictated  by  the  differ- 
ences in  the  ways  that  students  organize  their  geometric 
knowledge  in  the  different  environments?  Most  of  the 
implications  of  learning  environment  for  teaching  are 
unknown,  so  it  is  important  to  begin  to  plan  a  research 
agenda  to  find  out 

Interaction  with  geometry  ideas  can  be  supported  in  a 
wide  variety  of  computer  contexts.  The  use  of  repetition 
in  constantly  changing  environments  seems  to  challenge 
students  to  adjust  their  thinking  in  response  to  rs^idly 
changing  circumstances.  Too,  computer  games  seem  to 
call  on  students  to  internalize  information  somewhat 
differently  that  non-computer  games.  Additional  studies 
are  needed  that  will  clarify  the  ways  that  players  organize, 
and  reorganize,  their  geometric  knowledge  as  they 
interact  with  these  environments.  Further,  we  nc&i  to 
know  what  transfer  there  might  be  from  these  environ- 
ments to  standard  school  mathematics  tasks  or  to  infor- 
mal, real-worid  geometry  tasks.  The  task  for  teacher 
educators  is  to  alert  preservice  and  inservice  teachers  to 
the  differences  in  learning  associated  with  different 
learning  environments  so  that  geometry  learning  can  be 
optimized. 
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The  major  telecomputing  story  for  academic  institu- 
tions continues  to  be  the  explosive  growth  of  the  Internet. 
In  1991  Congress  passed  the  High  Pterformance  Comput- 
ing and  Communications  Act  authorizing  the  National 
Research  and  Education  Network  (NREN).  Senator 
Albert  Gore^  sponsor  of  the  act,  suggested  that  the 
Internet,  bolstered  by  the  NREN,  could  revolutionize 
public  school  education: 

This  network  could  revolutionize  public  school 
education  as  well,  giving  teachers  new  tools  and  new 
ways  to  inspire  their  students.  Today,  hundreds  of 
elementary  and  secondary  schools  are  linked  to  the 
NSFNET,  enabling  students  to  exchange  messages  with 
other  students  throughout  the  country,  and  enabling 
teachers  to  share  new  teaching  ideas  with  one  another. 
(Gore,  1991,  p.  16) 

In  1992  the  Internet  Society  was  formed.  It  is  instruc- 
tive to  compare  the  number  of  host  servers  on  several 
networks  according  to  Internet  Society  News  (1992,  p. 
27). 
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Table  1 

Number  of  hosts  on  some  networks.  

BITNET  3,477 

FidoNet  16.303 

UUCP  14,805 

The  Internet  992,000 

Enterprise  IP  600,000 


The  expanding  Internet  exceeds  any  other  academic 
network  by  an  order  of  magnitude,  and  it  is  notable  that 
the  number  of  private  networks  which  utilize  the  Internet 
Protocol  (the  Enterprise  IP  networks  listed)  are  rapidly 
growing  as  well.  Many  networks  which  are  not  directly 
connected  to  the  Internet  are  developing  gateways  which 
at  least  pennit  exchange  of  electronic  mail  between 
systems. 

The  range  of  Internet  services  and  c^abilities  is  also 
rapidly  expanding.  The  development  and  growth  of 
Campus  Wide  Information  Systems  (CWIS)  and  Wide 
Area  Information  Servers  (WAIS)  on  the  Internet  is 
illustrative  of  this  trend. 

Ihe  Internet 

The  growth  of  the  Internet  is  affecting  all  academic 
disciplines.  The  Society  for  Technology  and  Teacher 
Education  (STATE)  is  a  logical  organization  to  lead 
exploration  of  the  capabilities  of  the  Internet  in  teacher 
education.  For  this  reason,  STATE  is  establishing  an 
Internet  server  for  its  members.  The  article  "Introducing 
the  STATE  Internet  Server**  by  Bull,  Kinzie,  Sigmon,  and 
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Willis  provides  STATE  members  with  initial  information 
on  the  STATE  server,  and  describes  how  the  STATE 
server  may  provide  a  convenient  means  for  distributing 
instructional  materials  such  as  Jerry  Willis'  TEACH-IT 
modules. 

Teachers  and  students  will  need  information  and 
materials  on  use  of  the  Internet  in  K-12  education.  The 
"Internet  Express"  by  Lisa  Bievenue  describes  an 
it*eractive  approach  to  K-12  exploration  of  the  Internet 
developed  at  the  National  Center  for  Supercomputing 
Applications  (NCSA).  EffecUve  use  of  the  Internet  in  K- 
12  education  will  also  require  familiarization  w  Ji  its 
capabilities  through  pre-service  and  in-service  teacher 
education.  Judi  Harris  describes  a  graduate  course  for  K- 
12  educators,  Internet-Based  Telecomputing,  in  "An 
Internet-Based  Graduate  Telecomputing  Course:  Practic- 
ing What  We  Preach.**  Readers  may  also  recognize  her  as 
the  author  of  "Mining  the  Internet,**  a  popular  series  of 
columns  on  K-12  use  of  the  Internet  published  in  The 
Computing  Teacher,  A  paper  by  Anderson,  Perry,  and 
Schmidt,  "Internet:  An  Elecu-onic  Extension  of  the 
Classroom,**  also  describes  use  of  the  Internet  in  a  teacher 
education  program.  This  report  describes  the  establish- 
ment of  a  virtual  classroom  created  through  electronic 
interactions  between  students  at  Mississippi  State 
University  and  the  University  of  Wisconsin  at  Eau  Claire. 

User  interfaces  of  resources  accessible  through  the 
Internet  may  vary,  with  different  log-on  and  log-off 
procedures  and  command  structures.  Documentation  and 
training  materials  are  crucial  factors  affecting  successful 
use  of  these  networks  by  educators.  "Telecommunication 
Traming  Materials  for  Teacher  Education*'  describes  one 
approach  developed  by  Barron  and  Ivers  for  the  Florida 
Information  Resource  Network  (FIRN),  a  network  linked 
to  the  Internet  which  provides  access  for  teachers  and 
students  in  Rorida. 

In  Nebraska  Nemeth  has  altered  the  network  itself  to 
provide  increased  support  for  teachers,  establishing  local 
servers  which  allow  users  to  customize  and  assume  local 
control  and  ownership  of  parts  of  a  statewide  network. 
The  network  which  Nemeth  has  established  provides 
access  to  the  Internet,  complemented  by  local  menus 
which  can  be  individually  configured.  This  approach 
makes  it  possible  to  customize  the  system  to  meet 
educators'  needs.  "Grassroots  Telecommunicati(/ns:  An 
Alternative  Teacher  Education  Resource**  descr  ibes  the 
features  of  this  network.  In  "Information  Technology  for 
K-12  Teachers,**  Edwin  Smith  describes  a  netwoikmg 
project  under  development  in  West  Virginia, 
RURALNET.  The  intent  of  this  project  ii  to  make 
Internet  resources  more  accessible  to  rurai  educators  by 
establishing  an  Internet  file  server  for  them,  with  educa- 
donal  materials  and  activities  of  particular  interest  for  that 
setdng. 


Educotionol  Telecomputing 

There  are  a  number  of  ways  in  which  telecomputing 
technologies  can  be  integrated  into  teacher  education 
programs.  In  "KIDLINE:  Electronic  Fieldwork  in  Teacher 
Preparation  Classes,**  Eskridge  describes  use  of  an 
electronic  conferencing  system  in  a  class  in  children*  s 
literature.  Conununication  with  elementary  students 
through  the  network  provides  teacher  education  students 
in  this  class  with  broader  exfosure  to  the  thought  pro- 
cesses of  elementary  students.  A  secx)nd  article  by 
Eskridge  and  Langer,  "Electronic  Conferencing:  Extend- 
ing Discussion  Opportunities  in  Teacher  PreparaUon 
Classes,**  describes  ways  of  encouraging  electronic 
discussions  among  teacher  education  students  themselves. 

A  computer  network  developed  for  support  of 
elementary  education  student  teachers  is  described  by 
Lowe  in  "91 1  for  Sttident  Teachers.**  A  similar  effort 
addressmg  the  needs  of  student  teachers  in  special 
education  is  described  by  Yan,  Poage,  Munson,  and 
Anderson  in  "The  Integration  of  Telecommunications  into 
Special  Education  Student  Trainmg.'*  Thompson  and 
Hayes  describe  the  use  of  telecomputing  to  address  die 
transition  from  student  teaching  to  U)e  first  year  in  the 
classroom  in  "Patterns  of  Use  of  an  Electronic  Communi- 
cation Network  for  Student  Teachers  and  First  Year 
Teachers.** 

The  focus  of  Project  INSITE,  described  in  Rush's 
article,  "Breaking  Down  Barriers  through  Telecommuni- 
cations,** addresses  in-service  teacher  education  and 
classroom  use  of  telecomputing  networks.  This  project, 
supported  through  the  National  Science  Foundation, 
assists  teachers  in  creating  student  projects  which  focus 
on  real-world  issues,  providing  electronic  links  to 
scientists,  on-line  databases,  and  other  students.  Stapleton 
also  describes  ways  in  which  teacher  support  and  educa- 
tion can  be  provided  through  telecomputing  networks  in 
"Distributed  Schooling:  A  Model  for  Computer  Network- 
SuppOTted  Teacher  Education.*' 

Integrated  Systems  Digital  Networks 

For  many  years  Integrated  Systems  Digital  Network 
(ISDN)  technology  has  offered  the  promise  of  transferring 
synchronized  video  and  audio  signals  and  computer  data 
titfough  telephone  lines.  Although  the  long-term  future  of 
this  technology  may  ultimately  depend  upon  the  rate 
structures  offered  by  commercial  vendors,  the  iM'omise  is 
becoming  a  reality  in  some  areas.  Nikki  Davis  describes 
use  of  ISDN  technology  for  support  of  teacher  education 
in  the  United  Kingdom  in  "Multimedia  Teaching  at  a 
Distance:  Emerging  Issues  of  Computer-Supported 
Cooperative  Work  in  Education  and  Trainmg.'*  Synchro- 
nization delays  still  present  problems,  but  the  overall 
results  appear  to  be  encouraging. 

A  series  of  three  articles  by  B  Ian  ton  and  Thompson, 
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Thompson  and  Blanton,  and  Zimmerman  and  Blanton 
describe  another  ISDN  experiment  established  through  a 
partnership  among  Appalachian  State  University,  AT&T, 
Bell  South,  and  Southern  Bell.  This  project,  titled 
XCLINIC,  also  addresses  support  of  clinical  teaching. 
The  first  article,  "Application  of  Telecommunications  to 
Clinical  Teaching  Experiences,"  describes  the  network 
and  its  integration  into  the  student  teaching  process.  The 
second  article,  "Evaluation  Research  on  Teleconmiunica- 
tion  Applications  in  Teacher  Education,"  outlines  the 
research  design  developed  for  evaluation  of  use  of  the 
network.  The  third  article,  "Invitations  to  Shared  Think- 
ing: Using  Teleconmiunications  in  Teacher  Education 
Programs,"  describes  use  of  electronic  mail  by  second  and 
third-year  teacher  education  students  serving  as  tutors  for 
academically  at-risk  students  in  the  schools. 

Evolving  Distance  Laaming  Tachnologios 

Hie  evolution  of  educational  technologies  continues  to 
offer  an  increasing  range  of  q>tions  at  a  decreasing  cost. 
The  selection  of  the  mix  of  technologies  for  a  particular 
situation  depends  upon  individual  circumstances  and  the 
available  budget. 

"The  Appalachian  Distance  Learning  Project," 
described  by  Flemister.  Sexton,  and  Beach,  is  a  collabora- 
tive effort  established  through  partnerships  among  Ohio 
University,  local  school  districts,  and  Ohio  Bell  and  GTC. 
A  fiber  optic  system  permits  transmission  of  full-motion 
video  among  participating  schools  and  the  College  of 
Education.  In  contrast,  compressed  video  is  the  technol- 
ogy employed  by  Austm  for  delivery  of  a  course  in 
Wyoming.  Considerations  affecting  delivery  of  a  course 
by  these  means  are  described  in  ''Designing  a  Technology 
Course  to  Be  Delivered  via  Interactive  Compressed 
Video,"  Scanned  images  delivered  via  phone 
(audiographics)  is  a  third  technology.  Knapczyk,  Brush, 
and  Rodes  describe  delivery  of  continuing  education 
courses  through  this  format  in  ''Continuing  Teacher 
Education  at  a  Distance  Using  Audiographic  Technol- 
ogy." 

Saba  suggests  that  as  integrated  voice,  video,  and 
computer  data  systems  are  increasingly  employed  in 
future  distance  education  efforts,  it  will  be  necessary  to 
develop  methods  for  training  instructional  designers  and 
teachers  in  the  use  of  these  systems.  Such  a  course  is 
described  in  'Training  Distance  Educators  for  Converging 
Technologies."  Finally,  Knott  addresses  the  issue  of 
evaluating  the  efficacy  of  distance  education  efforts  in 
'*The  Teacher's  Role  in  Evaluating  Distance  Education." 
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The  Internet,  the  world's  largest  wide  area  network, 
is  altering  the  landscape  of  academic  and  schol 
ariy  work.  The  Internet  is  actually  a  network  of 
netwcHks.  There  are  currently  several  thousand  networks 
which  collectively  comprise  the  Internet.  Each  of  these 
individual  networks,  in  turn,  is  comprised  of  a  bomber  of 
host  computers.  The  Internet  has  grown  from  the  original 
four  host  computers  of  the  initial  ARPANET  in  1969  lo 
an  estimated  992,000  servers  in  September  1992.  (Press, 
1992, 21)  The  rate  of  growth  is  currently  estunated  to  be 
approximately  a  thousand  Internet  servers  per  day.  It  has 
become  the  de  facto  academic  network  for  higher  educa- 
tion, and  is  rapidly  spreading  to  the  public  schools  in 
many  states  as  well. 

Just  prior  to  establishment  of  die  Internet,  Licklider 
and  Taylor  (who  played  key  roles  in  creation  of  the 
ARPANET)  outlined  a  vision  of  a  world-wide  academic 
network: 

What  will  on-line  interactive  conmiunities  be  like?  In 
most  fields  they  will  consist  of  geographically 
separated  members,  sometimes  grouped  in  small 
clusters  and  sometimes  working  individually.  They 
win  be  communities  not  of  conunon  location,  but  of 
common  interest.  (Licklider  and  Taylor,  1968,  p.  30) 

The  explosive  growth  of  the  Internet  suggests  that  this 
vision  is  rapidly  becoming  a  reality. 

A  society  devoted  to  technology  and  teacher  education 
would  seem  to  be  a  logical  candidate  to  lead  the  way  in 
exploration  of  these  capabilities  in  the  field  of  teacher 
education.  Accordingly  the  Society  for  Techiwlogy  and 
Teacher  Education  has  established  an  Internet  information 
server.  In  this  article  introducing  the  STATE  server,  we 
win  provide  information  on  how  members  of  the  Society 
for  Technology  and  Teacher  Education  can  access  the 
STATE  server,  provide  an  overview  of  features  of  the 
STATij  server,  and  discuss  in  detail  instructional  re- 
sources known  as  TEACH-IT  modules  available  on  the 
STATE  server. 

Tho  STATE  Infemet  Server 

The  STATE  server  is  physically  located  at  the 
University  of  Virginia,  and  resides  on  an  IBM  RS-6(X)0 
Unbc  workstation  donated  by  IBM  for  this  purpose.  The 
software  developed  to  implement  the  STATE  server  was 
adapted  from  applications  developed  for  the  Virginia 
Public  Education  Network  (PEN),  an  educational 
telecomputing  network  linking  Virginia's  public  schools 
to  the  Internet. 

Timothy  M.  Sigmon,  associate  director  of  Academic 
Computing  at  the  University  of  Virginia,  is  the  architect 
of  the  software  used  to  implement  these  systems.  An 
experimental  server  running  the  same  software  lias  also 
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been  established  in  England.  Niki  Davis,  education 
professor  at  the  University  of  Exeter  and  current  chairper- 
son of  the  UK  Association  for  Information  Technology  in 
TeachCT  Education,  has  christened  this  suite  of  programs 
as  the  Telecommunications  Management  Software  (TMS) 
information  system  in  honor  of  its  developer. 

Accessing  the  STATE  Server 

The  STATE  server  is  accessed  via  telnet.  The  ability 
to  telnet  to  another  computer  allows  the  user  to  access  a 
remote  host  just  as  though  it  were  on  the  local  area 
network  (LAN)  of  the  user's  home  campus.  If  you  are 
already  linked  to  the  Internet  and  are  using  telnet  this  will 
be  a  straightforward  process.  If  you  have  not  used  telnet 
before,  you  may  need  to  contact  your  university's 
academic  computing  center.  Details  of  the  methodology 
may  vary  somewhat  from  institution  to  institution,  but  the 
general  procedure  for  logging  onto  the  STATE  server  is 
as  follows: 

telnet  state.virginia.edu 

When  you  access  the  STATE  server,  enter  "state"  in 
response  to  the  "Login"  query.  First-time  users  should 
enter  "guest"  in  response  to  the  "User  ED"  query.  (It  is 
important  to  enter  this  information  exactly  as  shown 
below,  m  lower  case). 

Login:  state 
User  ID:  guest 

The  "terminal  type"  query  requires  an  explanation. 
Prior  to  the  advent  of  personal  ccnnputers,  desktop 
terminals  (consisting  of  a  keyboard  and  a  monitor) 
provided  the  chief  means  of  connecting  to  a  remote 
timeshared  host  computer.  As  microcomputers  gradually 
became  popular,  the  telecommunications  software 
developed  for  them  emulated  existing  terminal  character- 
istics. The  DEC  VT1(X)  terminal  was  a  widely  used 
terminal  which  became  a  de  facto  terminal  emulation 
standard  m  microcomputer  telecommunications  software. 

In  most  cases  your  telecommunications  software  will 
support  VT1(X)  terminal  emulation.  In  that  case,  simply 
press  the  <RETURN>  key  to  accept  "vtlOO"  as  the 
default  terminal  emulation  in  response  to  the  "terminal 
type"  query.  (In  the  rare  mstance  of  telecommunications 
software  which  does  not  support  VT1(K)  terminal  emula- 
tion, enter  a  question  mark  *7"  for  a  list  of  other  sup- 
ported terminal  emulation  types.) 

Enter  terminal  type  [default  is  vt1 00]: 

First-time  users  of  the  STATE  server  are  requested  to 
complete  a  short  electronic  form  which  requests  informa- 


tion such  as: 

Name: 

Institution: 

Address: 

City: 

State: 

ZIP: 

Phone: 

You  will  also  be  asked  to  choose  a  user  ID  and  a 
password  for  yourself.  The  User  ID  can  be  any  combina- 
tion of  letters  which  does  not  contain  a  space.  Therefore 
"JohnDoe"  or  "John_Doe"  would  be  acceptable  user  ID 
combinations,  but  "John  Doe"  would  not  (because  it 
contains  a  space).  A  good  password  should  contain  at 
least  one  non-alphabetic  character.  Hius  "charge;ahead" 
or  "mySuniv"  would  be  good  passwords,  but  "instruct" 
would  not  be.  (Inclusion  of  a  non-alphabetic  character 
makes  it  more  difficult  for  password  detection  programs 
to  crack  the  password.)  A  good  password  should  also  be 
non-obvious  (to  others)  but  easy  for  you  to  remember. 

Use  this  User  ID  and  password  the  next  time  you 
access  the  STATE  server 

Login:  state 
User  ID:  JohnDoe 
Password:  my8univ 

Features  of  the  STATE  Server 

The  STATE  server  is  a  prototype  system.  Therefore 
the  appearance  of  the  menus  may  have  changed  by  the 
time  you  log  on.  It  is  particularly  likely  that  enhancements 
and  software  currendy  being  tested  on  Virginia's  Public 
Education  Network  will  be  incorporated  into  the  STATE 
server  within  the  next  year.  However,  the  general  con- 
cepts oudmed  below  will  hold  true,  even  though  enhanced 
features  may  alter  the  menus. 

The  opening  menu  at  the  time  this  is  written  contains 
s^x  categories  of  STATE  information.  It  is  likely  thai  the 
hiix  of  categories  on  this  menu  will  change  ui  response  to 
feedback  as  the  server  is  used  by  STATE  members. 

The  first  item,  STATE  discussions,  is  a  discussion 
group  (more  formally  known  as  a  "newsgroup")  which 
provides  a  formn  for  discussions  of  issues  related  to 
technology  and  teacher  education.  The  second  item, 
STATE  information,  is  mtended  for  postings  of  mforma- 
tion  which  do  not  require  mteractive  discussion.  The 
menu  items  for  *Teach-It  Modules,"  "Papers  for  Com- 
ment," and  "Archives"  are  all  intended  for  postings  of 
documents  and/or  software  which  may  be  of  mterest  to 
STATE  members.  The  suggestion  box  provides  a  conve- 
nient way  to  provide  feedback  about  the  STATE  server  or 
to  submit  an  item  or  document  for  possible  posting  on  this 
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6)  Suggestion  Box 

7)  UVa  Information  Server 


Figure  1 .  The  opening  menu  of  the  STATE  server. 


information  system. 

The  success  or  usefulness  of  an  infcMmation  system 
depends  as  much  upon  the  social  structure  which  supports 
it  as  its  technical  capabilities.  There  are  numerous 
instances  of  electronic  bulletin  boards  and  information 
systems  which  have  languished  in  the  absence  of  useful 
content. 

Activities  on  the  STATE  server  will  be  overseen  by  a 
"curator."  The  concept  of  "curator'*  has  been  borrowed 
from  the  Virginia  Public  Education  Network  (PEN),  and 
consists  of  a  facilitator  who  encourages  users  to  actively 
contribute  and  participate  in  activities  on  the  server.  The 
curator  for  the  STATE  server  will  be  supported  by  a 
group  of  advisors  who  constiuite  a  "Board  of  Governors." 
This  group  consists  of  faculty  and  scholars  in  the  field  of 
technology  and  teacher  education  who  have  active 
experience  in  developing  and  supporting  educational 
networks. 

Instructional  Modules  on  the  STATE  Server 

At  its  most  effective,  an  electronic  information  system 
complements  rather  than  replaces  traditional  print  media. 
To  provide  a  sense  of  how  this  might  work,  we  are  going 
to  describe  one  on-going  experiment,  TEACH-IT  mod- 
ules, in  detail  Jerry  Willis  developed  the  concept  of 
STATE  TEACH-IT  modules  to  promote  dissemination  of 
instructional  modules  related  to  technology  and  teacher 
education.  (WiUis,  1992)  TEACH-IT  modules  have  the 
novel  characteristic  of  appearing  both  in  print  format  and 
in  a  parallel  electronic  version  available  through  the 
Internet  on  the  STATE  server. 

Each  year  the  Society  for  Technology  and  Teacher 
Education  hopes  to  publish  a  monograph  containing  a 
dozen  instructional  modules  contributed  by  its  members. 
Faculty  who  imchosG  the  monograph  will  also  receive 
penii^ssion  to  make  coj>iles  of  any  of  the  modules  for  their 
classes.  This  will  make  it  economically  feasible  for 
faculty  members  who  only  need  two  or  three  of  the  dozen 


modules  to  employ  them  in  their  classes.  Publication  in  an 
edited  monograph  provides  faculty  with  an  incentive  to 
contribute  to  this  effort,  ensuring  that  they  receive 
academic  aedit  in  the  tenure  and  promotion  process. 

Electronic  versions  of  each  TEACH-IT  module  will 
also  appear  on  the  STATE  server.  This  parallel  method  of 
dissemination  will  yield  benefits  which  cannot  be 
achieved  through  either  elecut)nic  or  traditional  publica- 
tion alone.  In  this  section  on  instructional  modules,  we 
will  discuss  limitations  of  electronic  publication,  limita- 
tions of  traditional  print  media,  and  the  role  of  TEACH-IT 
modules  in  resolving  this  dilemma. 

Linnitcitions  of  Electronic  Publication 

Almost  every  faculty  member  who  teaches  courses 
with  educational  technology  content  has  developed 
instructional  modules  at  one  time  or  another.  These 
modules  address  areas  ranging  from  desktop  publishing  to 
networked  databases.  With  well  over  a  thousand  teacher 
education  programs,  there  is  no  reason  why  individual 
faculty  members  at  each  ir-titution  should  develop 
modules  for  every  area  of  educational  technology. 

The  field  of  teacher  education  would  benefit  from 
provision  of  one  or  two  of  the  best  examples  in  each  area. 
The  barriers  which  prevent  this  frixn  occurring  are 
instiuitional  rather  than  technical.  It  would  be  simple 
enough  to  establish  an  FTP  archive  on  the  Internet  for 
instructional  modules.  (The  Internet  File  Transfer 
Protocol,  usually  abbreviated  "FTP,"  allows  files  to  be 
transferred  from  one  computer  to  another  over  the 
Internet.)  There  are  several  reasons  why  this  approach 
may  not  be  sufficient  by  itself. 

•   Academic  credit  for  electronically  published  docu- 
ments is  not  yet  a  reality. 

Although  some  institutions  have  begun  to  recognize 
non-print  media  in  the  tenure  and  promotion  process. 
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many  do  not  Even  those  institutions  which  have 
begun  to  acknowledge  alternative  media  may  not  give 
such  efforts  the  full  weight  offered  for  refereed  print 
publications. 

As  long  as  this  state  of  affairs  is  a  reality,  faculty  are 
best  advised  to  focus  their  efforts  in  areas  which  will 
be  rewarded. 

•  Electronic  archives  often  are  contaminated  by  the 
wide  variability  in  the  materials  available. 

There  are  thousands  of  FTP  sites  on  the  Internet,  and 
thousands  more  USENET  Newsgroups.  The  process  of 
filtering  information  available  presents  a  problem.  If 
the  quality  of  information  in  an  archive  is  variable,  it 
may  seem  easier  to  develop  materials  independently 
rather  than  sift  through  existing  materials. 

•  Some  of  those  in  greatest  need  of  these  instructional 
materials  may  not  yet  routinely  use  the  Internet. 

Although  electronic  materials  are  evolving  rapidly, 
print  will  remain  an  important  dissemination  channel  for 
many  years  to  come. 

UrnifQtions  of  Print  Modia 

Traditional  publication  and  dissemination  of  instruc- 
tional materials  through  print  media  also  has  certain 
limitations.  One  limitation  associated  with  publication  of 
any  instructional  module  in  the  field  of  educational 
technology  is  a  tension  between  specificity  and  generality. 
Students  who  use  these  materials  benefit  from  instructions 
that  are  specific.  If  they  are  using  Microsoft  Works  for 
DOS  on  a  PC  they  want  instructions  for  that  software.  If 
diiey  are  using  WriteNow  for  the  Macintosh  they  want 
directions  for  that  program.  However,  in  a  market  in 
which  students  in  different  courses  at  different  universi- 
ties use  different  programs,  any  module  published  for 
national  and  international  distribution  will  not  meet  the 
specific  needs  of  all  users. 

Creating  many  versions  of  the  module  presents 
problems  for  the  developer  and  the  distribution  channel. 
Creating  one  version,  on  the  other  hand,  means  it  will 
serve  some  situations  well  and  others  poorly.  Creating  a 
generic  version  simplifies  development  and  distribution, 
but  can  decrease  the  effectiveness  of  the  materials.  The 
instructional  designer  is  faced  with  one  of  three  less  than 
satisfactory  choices: 

1.  describe  the  process  in  generic  terms,  without  men- 
tioning a  specific  application  or  environment, 

2.  describe  a  specific  application  and  environment  in 


detail,  which  makes  the  description  less  useful  to  those 
who  use  a  different  application,  or 

3.  describe  the  process  for  several  different  ^i^cations, 
which  becomes  cumbersome  for  readers  to  follow  (not 
to  mention  the  problems  posed  for  the  developer) 

Resolving  the  Dilemma:  TEACH-IT  Modules 

TEACH-IT  modules  provide  a  means  «f  addressing 
this  dilemma  Their  publication  in  print  format  provides 
two  very  specific  advantages: 

1 .  Because  the  materials  have  been  submitted  to  editorial 
review,  and  appear  in  print  format,  there  Ls  no  ambigu- 
ity about  whether  they  may  be  utilized  in  the  academic 
promotion  process. 

This  provides  developers  with  an  incentive  to  publish 
materials  which  might  otherwise  have  remain^  in 
their  original  class  notes  format. 

2.  Publication  in  print  format  also  may  be  convenient  for 
instructors  who  do  not  wish  to  customize  materials. 

Not  everyone  will  want  to  customize  materials  for 
their  classes.  A  print  version  will  allow  these  instructors 
to  copy  and  use  the  materials  just  as  they  appear  in  print. 

The  simultaneous  appearance  of  TEACH-IT  modules 
in  electronic  format,  on  the  STATE  server,  offers  several 
additional  advantages. 

1.  Provision  of  TEACH-IT  modules  in  electronic  format 
allows  instructors  to  download  the  file  and  customize 
the  materials  to  meet  the  needs  of  the  classes  they 
teach. 

For  example,  a  TEACH-IT  module  that  introduces 
students  to  use  of  HyperCard  for  development  of 
electronic  presentations  is  available  on  the  STATE 
server  in  a  PageMaker  file.  Instructors  can  download 
the  file  and  then  edit  it  as  needed  to  fit  the  course  they 
teach.  Additional  instructions  about  wherc  the  local 
computers  with  HyperCard  are  located  could  be  added. 
Or,  specific  assignments  in  the  module  could  be 
adjusted  to  coincide  with  other  course  objectives.  This 
TEACH-IT  module  also  contains  a  Hyp^ard 
template  which  can  be  used  in  conjunction  with  the 
print  materials.  Electronic  access  to  instructional 
modules  provides  instructors  with  the  advantages  of 
textbooks  -  peer  evaluation  and  completion  of  a 
standard  editorial  process,  while  also  providing  the 
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benefits  of  instructor-developed  software  -  low  cost  to 
students  and  the  potential  for  customization  by  the 
instructor. 

2.  The  STATE  server  also  provides  a  convenient  means 
of  updating  modules. 

Software  is  volatile.  HyperCard  Version  1.0  quickly 
becomes  HyperCard  Version  2.0  which  in  turn 
becomes  Version  2.1.  Instructional  modules  which 
contain  specific  references  to  software  have  an  equally 
short  shelf  life.  It  is  not  econ(Mnically  feasible  to  issue 
a  print  revision  each  time  software  changes.  However, 
the  developer  who  intends  to  revise  an  instructional 
module  for  his  or  her  own  class  can  just  as  easily  post 
the  update  on  the  STATE  server  as  well. 

3.  The  STATE  server  also  provides  a  convenient  way  to 
offer  associated  files  and  examples. 

Since  developers  first  began  creating  instructional 
modules  on  use  of  BASIC,  the  issue  of  how  to 
iiK:orporate  examples  into  the  text  has  been  a  perplex- 
ing one.  Often  these  examples  incorporate  short 
subroutines  and  listings  into  the  text,  and  place  longer 
listings  at  the  end  as  appendices.  However,  typo- 
graphical errors  as  listings  were  entered  were  conunon 
sources  of  frustration.  Newer  genres  of  graphical 
software  such  as  HyperCard  and  MacroMind  Director 
compound  the  problem.  A  disk  inserted  into  the  book 
provides  one  solution,  but  adds  to  the  cost  and 
complexity  of  publishing  the  manuscript.  The  STATE 
server  will  allow  developers  to  develop  TE ACH-IT 
modules  with  the  knowledge  that  they  can  incorporate 
files  and  other  electronic  materials  into  the  design  of 
the  module. 

At  one  time  it  was  thought  that  electronic  media  might 
displace  print  media.  However,  TEACH-IT  modules  in 
the  form  of  a  printed  monograph  and  their  electronic 
counterparts  on  the  STATE  server  have  the  potential  to 
complement  one  another.  The  printed  version  and  review 
process  guarantees  developers  that  there  is  no  ambiguity 
about  academic  credit  and  assures  users  that  the  quality  of 
the  modules  meets  acceptable  standards.  Tbe  electronic 
version  allows  instructors  to  customize  modules,  provides 
a  convenient  means  of  posting  updates,  and  allows 
associated  files  and  examples  to  be  provided. 

Long-Term  ln$tructiond  Effects 

In  the  long  term  the  STATE  server  has  tbe  potential  to 
have  an  even  broader  impact  on  technology  and  teacher 
education.  Widespread  dissemination  of  instructional 
modules  from  different  institutions  could  potentially 


result  in  a  cross-fertilization  and  exchange  of  ideas  which 
otherwise  might  ttot  take  place.  Until  now  tbe  academic 
system  has  tended  to  reduce  sharing  and  development  in 
this  area  in  favor  of  activities  that  fall  within  clearly 
established  reward  structures.  By  designing  a  marke4>lace 
that  encourages  development  within  the  existing  system 
rather  than  by  attempting  to  change  the  overall  system, 
instructors,  students,  and  institutions  wUl  all  benefit. 

If  you  are  interested  in  developing  a  TEACH-IT 
module,  send  a  note  to  Jerry  Willis  (preferably  by 
electronic  mail  at  the  address  of  jwillis@jetson.uh.edu) 
requesting  guidelines  and  sample  modules.  Indicate  the 
topic  for  which  you  wish  to  develop  an  instructional 
module. 

If  you  have  logged  onto  the  STATE  information 
server,  and  have  a  suggestion,  use  the  electronic  Sugges- 
tion Box  to  send  a  note  to  the  curator.  We  have  outlined 
one  way  in  which  the  STATE  server  and  TEACH-IT 
modules  in  combination  may  enhance  the  profession,  but 
the  ultimate  success  of  this  electronic  system  will  depend 
upon  contributions  and  participation  by  STATE  members. 
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The  Internet 

The  Internet  is  a  worldwide  collection  of  thousands 
of  computer  networks  that  can  intercommunicate. 
All  of  them  speak  the  same  language,  namely 
TCP/IP  (Transmission  Control  Protocol/  Internet  Proto- 
col). Users  of  any  of  the  Internet  networks  can  reach  users 
on  any  of  the  other  networks. 

Approximately  one  million  people  use  the  Internet 
daily.  Since  its  aeation  in  1983,  the  number  of  networks 
connected  to  the  Internet  has  grown  exponentially.  By 
1985,  the  number  was  approximately  one  hundred.  By 
1987,  the  number  had  grown  to  two  hundred;  in  1989,  it 
exceeded  five  hundred.  According  to  tables  kept  at  the 
DDN  (Defense  Data  Net)  Network  Information  Center 
(DDN  NIC),  there  were  2,218  networics  connected  to  the 
Internet  as  of  January  1990.  Recent  political  activities 
indicate  that  the  Internet  will  continue  to  grow  at  this 
rapid  rate.  The  Internet  has  already  reached  most  institur 
tions  of  higher  education  and  more  and  more  businesses 
are  finding  Internet  connections  useful  and  sometimes 
necessary  to  conduct  business  in  an  efficient  and  cost- 
effective  manner. 

The  Role  of  the  Internet  in  K-12  Education 

K-12  educators  and  administrators  must  now  recog- 
nize the  value  of  the  Internet  on  two  levels.  First,  the 
Internet  provides  a  wealth  of  resources,  forums,  and 
worldwide  connectivity.  The  Internet  can  break  isolation 
barriers  by  bringing  the  world  to  the  classroom  and 
bringing  the  classroom  to  the  world  (something  previous 
technology  has  not  been  able  to  accomplish).  Second,  the 
Internet  has  so  peraieated  society  that  if  K-12  education 
supposes  to  prepare  students  for  the  world  in  which  they 
will  live  and  work,  Internet  education  is  a  necessary  facet 
of  both  pre- vocational  training  and  pre-college  education. 
The  NCSA  (National  Outer  for  Supercomputing  Appli- 
cations) Education  Group  is  involved  in  promoting  use  of 
the  Internet  for  educational  purposes  in  K-12  schools.  In 
Internet  workshops  and  training  sessions  we  encourage 
teachers  to  use  the  Internet  for  more  than  a  high-tech  pen- 
pals medium.  Through  in-service  and  pre-service  training 
we  help  teachers  explore  the  Internet  for  science,  social 
studies,  and  English  resources,  so  that  they  can  develop 
interdisciplinary  lesson  plans.  This  experience  has  led  us 
to  the  development  of  an  interactive  and  interesting 
method  to  approach  learning  on  the  Internet*  The  Internet 
Express. 

The  Internet  Express 

*The  Internet  Express'*  is  a  murder  mystery  of  sorts. 
The  murderer  can  be  found  somewhere  on  the  Internet, 
i.e.  in  some  file  on  some  computer  which  is  accessible 
through  tl)e  Internet.  Participants  are  given  an  initial  clue 
by  e-mail.  The  clue  could  take  tbem  anywhere  on  the 
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Internet  where  they  can  find  more  clues.  By  following  the 
trail,  participants  can  turn  up  a  seemingly  infinite  number 
of  resources.  Locating  the  various  databases,  newsgroups, 
archives,  and  bulletin  boards  help  the  participant  learn 
where  interesting  resources  reside.  Clues  are  located  by 
using  various  Internet  communication  tools,  such  as  FTP 
(file  transfer  protocol),  tehiet,  e-mail,  and  gopher.  By 
using  these  tools,  participants  begin  to  learn  their  way 
around  the  Internet,  A  well-devised  "Internet  Express" 
mystery  will  take  participants  to  many  diverse  resources 
so  that  all  participants  will  find  something  of  interest  and 
something  that  might  become  essential  to  their  work  or 
study. 

NCSA's  gpproach  to  "exploration"  of  the  Internet  is 
exploration  in  a  true  sense  of  investigation,  inquiry  and 
discovery.  We  have  attempted  to  not  simply  list  resources 
and  point  teachers  and  students  in  the  right  direction  each 
time  they  need  a  new  resource,  but  to  teach  them  how  to 
approach  the  search,  much  as  one  would  teach  problem 
solving  techniques.  In  doing  this  we  have  taught  them 
how  to  adapt  to  the  ever-changing  Internet.  These 
teachers  and  students  are  now  ready  to  use  the  Internet, 
and  most  inter-connected  networks,  to  do  research,  to 
communicate  with  experts,  and  to  solve  problems. 

Before  taking  on  an  "Internet  Express"  mystery, 
participants  observe  the  use  of  the  Internet  tools  that  will 
be  involved.  We  have  found  that  a  brief  coverage  of  the 
tools  and  how  to  use  them,  followed  by  the  immediate 
exposure  to  an  "Internet  Express"  mystery,  is  the  most 
efficient  way  to  teach.  With  just  a  brief  coverage  of  the 
tools,  participants  usually  do  not  fully  understand  how  to 
use  the  tools,  but  they  do  become  motivated  to  learn  once 
they  become  involved  in  the  mystery.  In  other  cases  in 
which  we  used  only  demonstrations  and  laboratory  work 
to  teach  how  to  use  the  tools,  most  participants  tired  of 
learning  things  that  didn't  seem  important  or  interesting. 
It  seems  that  regardless  of  how  long  we  spend  in  the 
initial  phase  of  learning  how  to  use  the  tools,  participants 
do  not  actually  learn  to  use  the  tools  until  there  is  a  reason 
tiiat  they  feel  the  need  or  desire  to  learn  how  use  them.  In 
all  cases,  once  participants  began  using  the  tools  in  the 
murder  mystery,  they  did  learn  how  to  use  the  tools  and 
where  they  could  find  interesting  information  that  was 
useful  to  them. 

Using  the  Internet  Tools  to  Teach  Problem 
Solving 

Throughout  the  "Internet  Express"  mystery  various 
pieces  of  information  on  how  to  use  the  Internet  as  a 
problem  solving  medium  are  discussed.  For  example, 
when  discussing  the  use  of  e-mail  we  can  discuss  how  to 
find  the  electronic  mail  address  of  another  person  without 
being  able  to  ask  that  person  directly.  A  "postmaster"  at 
the  recipient's  organization  can  provide  the  correct 


address  when  the  domain  name  of  the  organizstion  is 
known;  one  can  send  a  message  requesting  help  to 
<postmaster@domain>.  Also,  the  DDN  Network  Infor- 
mation Center  (DDN  NIC)  in  Menlo  Park,  California, 
maintains  a  "white  pages"  directory  of  computer  users, 
hosts,  and  domains  on  the  Internet.  One  can  use  Tehiet  to 
access  this  database  on  a  computer  called  nic.ddn.mil. 
Many  computers  also  have  a  program  called  whois,  which 
automatically  accesses  the  DDN  NIC  database. 

Telnet  and  File  Transfer  Protocol  (FTP)  are  used  in 
the  "Internet  Express"  mystery  as  traveling  devices. 
Telnet  is  a  program  which  allows  one  to  communicate 
with  other  computers.  To  conmiunicate  with  another 
computer  simply  type  telnet  <host>  where  <host>  is  the 
name  or  IP  (Internet  Protocol)  address  of  the  computer 
(e.g.,  mars.ncsa.uiuc.edu  and  141.142.20.13  refer  to  the 
same  machine).  Every  machine  that  is  connected  to  the 
Internet  has  an  IP  address  and  each  one  is  unique.  FTP  is 
the  Internet  standard  protocol  for  moving  files  from  one 
computer  to  another.  One  can  use  the  ftp  command  to 
copy  computer  files  containing  a  variety  of  kinds  of 
information,  such  as  software,  documentation,  or  maps. 
FTP  is  the  name  of  not  only  the  protocol,  but  usually  also 
of  the  program  the  user  invokes  to  execute  it  (e.g.,  by 
typing^p  host.bbn.com).  Anonymous  FTP,  like  Telnet, 
requires  access  to  the  Internet.  Unlike  Tehiet,  anonymous 
FTP  is  widely  available;  anyone  can  become  an  Internet 
traveler  by  giving  the  conunand  ftp  host  (e.g.,  ftp 
cs.fredonia.edu,  where  cs.fredonia.edu  is  the  host).  When 
the  remote  host  prompts  with  login:  and  password:  (or 
something  similar  -  details  vary  on  different  types  of 
computers)  the  traveler  types  "anonymous"  for  the  login 
name  and  "guest"  for  the  passw(M-d.  The  UNIX  command 
"ftp"  stands  for  "file  transfer  program",  whereas  the 
acronym  FTP  stands  for  *Tile  Transfer  Protocol".  When 
using  ftp  (the  program)  it  is  important  that  the  letters  are 
not  capitalized  (UNIX  is  case-sensitive).  After  logging  in, 
the  traveler  remains  in  a  program  with  a  restricted  set  of 
conmiands.  Files  on  the  remote  host  are  usually  protected 
so  that  visitors  cannot  change  or  delete  them. 

Developir^g  Interdisciplinary  Internet  Projects 
By  participating  in  a  "Internet  Express"  mystery, 
students  and  teachers  begin  to  leam  how  they  can  develop 
projects  to  use  the  Internet  to  focus  on  their  interests  and 
areas  of  study.  There  are  several  categories  which  can  be 
used  to  describe  activities  that  use  the  Internet,  as  well  as 
many  other  networks.  Some  of  these  categories  are 
interactive  (real-time),  electronic  mail  (non-real-time  and 
private)  and  bulletin  board-type  C(MTununication  (non- 
real-time  and  public).  Most  projects  can  use  any  of  these 
methods  and  each  method  has  a  particular  advantage. 
Interactive  projects  feature  immediate  feedback  and  a 
more  informal  feel.  ElevJ-onic  mail  (e-mail)  is  just  like 
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sending  a  letter,  it  has  the  same  advantages  and  disadvan- 
tages as  real  mail  (although  e-mail  is  much  faster  than 
surface  mail).  There  tends  to  be  a  longer  turn  around  time 
than  interactive  projects,  although  this  facilitates  more 
complete  responses.  Electrcxiic  bulletm  boards  invite  a 
large  number  of  people  to  discuss  a  topic  or  question. 
Some  bulletin  board  or  newsgroup  participants  may  just 
ask  questions  or  give  an  electronic  nod  of  approval,  but 
they  may  also  debate  a  point  by  posting  opposing  views. 

Hie  particular  method  which  a  particular  teacher 
might  want  to  use  depends  on  the  project  and  the  avail- 
able equipnent.  An  interactive  project  requires  the  most 
preparation  and  is  the  most  demanding  on  resources. 
Some  interactive  projects  are  chats.  Chat  is  jargon  for 
having  a  mechanism  in  which  two  or  more  users  can 
conmiunicate  directly.  As  one  user  types  a  message  on  a 
machine,  that  message  is  being  sent  to  all  the  other  people 
in  the  chat  at  the  same  time.  To  initiate  a  chat,  one  must 
first  find  a  host  fot  the  chat  that  is  available  when  needed 
and  is  willing  to  be  the  host,  such  as  Cleveland  Free  Net. 
Coordinating  all  parties  involved  tends  to  be  the  most 
difficult  part  of  a  chat. 

Electronic  mail  is  a  good  method  for  projects  that  do 
not  have  time  constraints.  It  might  take  as  much  as  five  to 
seven  days  to  get  a  response  with  electronic  mail.  This 
allows  time  for  delivery,  reading,  composing  a  response, 
and  the  return  delivery.  It  does  not  allow  for  responses 
that  need  research  and  assumes  that  the  recipients  chedc 
their  mail  two  to  three  times  a  week.  Many  schools  do  not 
have  the  resources  or  freedom  to  allow  their  classes  to 
check  their  mail  everyday;  a  prearranged  schedule  may 
help  to  speed  up  responses.  Using  e-mail  also  helps 
students  to  develop  their  letter  writing  and  grammatical 
skills. 

Bulletin  boards  are  the  middle  ground  between 
chatting  and  e-mail.  Newsgroups  are  similar  to  bulletm 
boards.  Newsgroups  (more  conmionly  called  "net  news** 
on  the  Internet)  are  a  collection  of  groups  that  are  dedi- 
cated to  specific  issues.  For  instance,  a  newsgroup  called 
**rec.music.beatles**  is  a  forum  for  the  discussion  of  the 
Beatles  and  related  issues.  There  are  newsgroups  for  just 
about  any  topic  one  could  imagine:  alternative  lifestyles, 
education  issues,  comic  books,  etc.  When  a  message  is 
sent  to  a  bulletin  board  or  a  newsgroup,  that  message  is 
sent  to  millions  of  potential  readers.  Any  of  those  readers 
may  choose  to  post  an  answer  or  conmient  to  that  now. 
You  or  anyone  else  may  post  a  rebuttal  and  so  on.  Most 
postings  will  get  an  answer  within  a  day  or  so.  It  is  not 
unusual  for  more  obscure  topics  to  go  unanswered  or  to 
have  a  controversial  posting  generate  twenty  or  more 
responses  in  a  single  day.  This  method  is  a  good  way  to 
seek  advice  or  answers. 

Chats,  e-mail,  and  bulletin  boards  are  three  basic 
methods  of  doing  network  projects,  but  the  number  of 


possible  projects  is  only  limited  by  imagination.  One 
simple  use  of  the  network  is  to  use  it  as  an  expert  re- 
source. E-mail  can  be  sent  to  college  professors  or  a  note 
posted  to  a  group  to  get  the  information  faster  than 
searching  for  Che  data  in  all  of  the  libraries  in  town.  A 
teacher  can  also  have  students  use  the  network  as  a 
resource  for  a  project  or  just  to  ask  questions.  Several 
systems  offer  electronic  question  and  answer  slices. 
One  can  also  set  up  a  mentor  type  program  with  more 
advanced  students  or  even  university  people.  The  NCSA 
''Ask  the  Scientist'*  program  is  an  example.  In  this 
program,  elementary  and  middle  school  students  send 
questions  to  advanced  high  school  science  classes  using  e- 
mail  and  the  high  school  students  research  the  questions 
and  respond  with  an  understandable  answer.  Internet  is  an 
international  system,  so  one  can  use  the  netwoik  to 
communicate  with  people  in  other  countries.  Cultures  can 
be  compared  or  students  in  different  countries  can  work 
on  a  project  together.  Some  current  projects  using  the 
international  aspect  are  the  Global  Grocery  List  and 
Glasnet.  Both  of  these  projects  are  described  in  detail  in 
the  appendix  to  this  chapter.  Some  federal  and  public 
agencies  have  their  own  bulletin  boards.  NASA  has  a 
board  which  contains  a  large  volume  of  information 
concerning  their  current  or  past  projects.  The  National 
Science  Foundation  also  maintains  a  bulletin  board  for 
monitoring  projects  or  checking  on  grants.  Most  bulletin 
boards  are  run  either  by  educational  sources  or  computing 
agencies.  Cleveland  Freenet  and  FrEdMail  are  examples 
of  educationally  based  bulletin  boards,  even  though  these 
two  are  very  different  from  each  other.  There  are  also 
bulletin  boards,  such  as  CompuServe,  which  are  excellent 
software  and  technological  information  resources. 

For  More  Assistance 

The  Incomplete  Guide  to  the  Internet,  Especially  for 
K-I2  Teachers  and  Students,  developed  by  NCSA,  is 
meant  to  provide  a  helping  hand  in  understanding  and 
^plying  the  Internet  entity.  It  is  by  no  means  a  complete 
guide;  rather  it  is  a  general  overview  of  what  the  Internet 
is  and  some  of  the  resources  available.  In  areas  where  the 
information  presented  is  very  general,  alternate,  more  in- 
depth  sources  are  cited,  most  of  them  available  right  from 
your  computer.  This  guide  will  also  provide  you  with 
ideas  for  using  the  Internet  in  a  classroom  as  well  as  a 
personal  environment.  This  guide  is  available  in  elec- 
tronic and  paper  formats  by  contacting  Chuck  Fanner, 
NCSA,  152  Computing  Applicati'^ns  Building,  605  E, 
Springfield  Avenue,  Champaign,  IL  61820;  ph:  217-244- 
6122;  e-mail:  cfanner@ncsa.uiuc.edu.  The  guide  is  also 
available  via  anonymous  ftp  at  ftp.ncsa.uiuc.edu. 


652 


The  Internet  Express  639 


Lisa  Bievenue  is  the  Team  Leader  of  the  Education  Group 
at  the  National  Center  for  Supercomputer  Applications, 
University  of  Illinois,  152  Con^>uting  Applicatbns 
Building,  605  E.  Springfield  Avenue,  Champaign,  IL 
61820.  E-mail:  bievenue@ncsaMiuc.edu, 

Chuck  Farmer  is  a  member  of  the  Education  Group  at  the 
National  Center  for  Supercomputer  Applications, 
University  of  Illinois,  152  Con^futing  Applications 
Building,  605  E.  Springfield  Avenue,  Champaign,  IL 
61820.  E-mail:  cfarmer@ncsaMiuc.edu. 

John  Duban  is  a  member  of  the  Education  Group  at  the 
National  Center  for  Supercomputer  Applications, 
University  of  Illinois,  152  Computing  Applications 
Building,  605  E.  Springfield  Avenue,  Champaign,  IL 
61820.  E-mail:  jduban@ncsa.uiuc.edu. 


640  Technology  and  Teacher  Education  Annual  —  1 993 

ERiC  653 


An  internet-based 
graduate  telecomputing 
course:  Practicing  what 

we  preacti 

Judith  B.  Harris 
University  of  Texas  at  Austin 


The  unique  characteristics  of  different  instructional 
media  aUow  the  construction  of  uniquely  config 
ured  contexts  for  learning.  The  interactive  nature 
of  exchange  in  text-based  telecommunications,  such  as 
electronic  mail  and  computer  conferencing,  implies  that 
some  of  the  most  powerful  uses  of  the  medium  are  those 
which  involve  asynchronous  inteipersonal  interaction. 
Many  implementati(Mis  of  distance  education  technology, 
including  those  that  involve  use  of  telecomputing  tools, 
attempt  to  transfer  synchronous  face-to-face  instructional 
techniques  directly  into  asynchronous^  long-distance 
learning  situations.  As  Mason  &  Kaye  (1990)  suggest, 
"distance  education  should  not  be  the  mere  delivery,  'at  a 
distance,*  of  classroom-based  instruction.  A  verbatim 
transcript  of  a  lecture  circulated  by  post  to  students  spread 
over  the  country  does  not  constitute  distance  education.** 
(p.  16)  Existing  instructional  techniques  must  be  adapted 
to  fit  interactive,  asynchronous  educational  environments 
to  work  well  (Levin,  Kim,  &  Riel,  1990),  and  new 
techniques  that  exploit  the  unique  characteristics  of 
telecomputing  situations  must  be  developed 
(Romiszowski  &  de  Haas,  1991;  Hiltz,  1986).  Before 
developing  these  techniques,  goals  for  teaching  and 
learning  must  be  examined  carefully  to  determine  whether 
they  are  best  met  using  computer-mediated  communica- 
tions (CMC)  tools. 

Let*s  assume  that  a  group  of  educators  would  like  to 
explore  the  resources  available  on  the  Internet,  and 
develop  ways  to  integrate  use  of  these  resources  into 
primary,  secondary,  and  post-secondary  teaching  and 
learning.  What  better  way  is  there  to  exp)erience  and  apply 
Internet  resources  than  from  within  a  primarily  on-line, 
Internet-based  teaching/learning  context?  Yet  once  the 
decision  regarding  primary  instructional  strategies  has 
been  made,  another  question  emerges.  How  might  a 
primarily  on-line  teaching/learning  context  be  created  that 
exploits  the  unique  attributes  of  asynchronous 
telecomputing  tools?  This  paper  will  describe  one 
experimental  response  to  that  challenge:  a  graduate 
course,  set  in  an  asynchronous,  on-line  enviionment, 
designed  for  educators  who  are  interested  in  learning  to 
mine  the  Internet  (Gargano,  1991)  for  instructional 
resources.  First,  though,  it  -night  be  helpful  to  review  the 
distinctive  characteristics  of  CMC  teaching/learning 
environments. 

Unique  Attributes  of  CMC 

What  are  the  characteristics  associated  with  asynchro- 
nous telecomputing  tools  that  suggest  the  types  of 
teaching/learning  contexts  that  they  can  help  to  create? 
The  asynchronicity  itself  can  assist  self-directed  learning 
through  flexible  scheduling;  die  class  is  available  literally 
24  hours  a  day,  and  students  can  take  as  much  time  as 
they  need  to  read  postings  and  formulate  responses 
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(Harasim,  1990).  In  addition, 

CMC.can  provide  vastly  enhanced  opportunities  for 
dialogue,  debate,  and  conversational  learning.  FurlhCT- 
more,  it  provides  a  real  sense  of  community  and 
affiliation.. .Contributions  to  a  craiputer  conferencing 
environment  come  without  the  visual  and  status-determin- 
ing cues  of  face-to-face  exchanges.  This  tends  to  produce 
a  relatively  democratic  atmosphere  where  individual 
contributions  are  valued  on  their  own  merit  The  content 
of  the  message  becomes  the  primary  focus,  which  can 
lead  to  an  ideal  situation  for  developing  the  tools  of 
critical  thinking.  (Mason  &  Kaye,  1990,  pp.  16-17) 

The  messages  themselves  forai  a  permanent  record  of 
all  that  has  transpired  during  the  class.  Since  this  record 
can  be  downloaded,  commented  upon  within  the  text 
itself,  and  uploaded  again  to  present  to  other  students,  at 
least  one  of  the  class*  "required  readings"  is  dynamic  and 
collaboratively  aeated.  This  is  quite  different  from  the 
ways  in  which  texts  are  typically  experienced  in  tradi- 
tional face-to-face  instruction  (Mason  &  Kaye,  1990). 
On-line  course  participants  report  that  these  atuibutes  of 
computer  conferencing  environments  encom:age  increased 
attentiveness  to  content  and  more  balanced  participation 
among  different  class  members  (Harasim.  1990). 

Writing  and  CMC 

Writing  is  the  primary  means  of  both  learning  and 
teaching  m  an  on-line  environment.  As  Gage  (1986) 
described  it. 

Writing  is  thinking  made  tangible,  thmkmg  that  can  be 
examined  because  it  is  on  the  page  and  not  in  the  head 
invisibly  floating  around.  Writing  is  thinking  that  can 
be  stopped  and  tinkered  with.  It  is  a  way  of  holdmg 
thought  still  enough  to  examine  its  structure,  its  flaws. 
The  road  to  clearer  understanding  of  one's  thoughts  is 
traveled  on  paper.  It  is  through  an  attempt  to  find 
words  for  ourselves  m  which  to  express  related  ideas 
that  we  often  discover  what  we  think,  (cited  *n 
Harasim,  1990,  p.  49) 

This  implies  that  CMC  is  an  essentially  literary 
experience,  which  requires  and  can  help  to  develop 
analytic  and  verbally  expressive  skills.  The  sharpening  of 
such  skills  is  often  primary  among  postsecondary  learning 
goals  (Mason  &  Kaye,  1990).  Metacognitive  skills,  such 
as  self-reflection  and  revision,  can  also  be  enhanced  in  the 
CMC  environment  because  the  text-based  nature  of  the 
medium  requires  that  all  aspects  of  interaction  must  be 
made  explicit  (Harasim,  1990). 

Cooperative  Learning  and  Particlpont  Roles 

The  unique  atuibutes  of  computer-mediated  commu- 
nications are  particularly  well-suited  to  support  coopera- 
tive learning  (Hiltz,  1990;  Harasim,  1990;  Mason  & 
Kaye,  1990).  Although  CMC  can  be  used,  Uke  many  other 


media,  to  **deliver  instruction,'*  when  used  as  a  context  for 
teaching  and  learning,  it  can  also  support  the  emergence 
and  cooperative  construction  of  knowledge  and  compre- 
hension among  the  members  of  an  on-line  group.  This  can 
support  a  dramatic  transformation  of  the  nature  of  the 
teaching/learning  context,  in  the  course  of  which  the 
student  moves  from  being  a  passive  recipient  of  expert- 
provided  information  to  bemg  an  active  participant  in  the 
creation  and  comprehension  of  knowledge  itself 
(Harasim,  1990;  Hiltz,  1986). 

Hiltz  (1990)  and  Siegel,  Dubrovsky,  Kiesler,  & 
McGuire  (1986)  suggest  that,  when  compared  to  face-to- 
face  classroom  interaction,  the  more  egalitarian  nature  of 
the  CMC  environment  makes  it  easier  for  students  to  play 
what  once  were  assumed  to  be  teachers*  roles.  Seminar- 
style  presentations  and  lively  discussions  work  well  in 
text-based  computer  conferences,  because  competition  for 
**air  time**  is  reduced  (Romiszowski  &  de  Haas,  1991; 
Harasim,  1990;  Mason  &  Kaye,  1990).  Computer 
conferencing  may  also  suppress  the  emergence  of  a 
predominant  group  leader  (Harasim,  1990).  Yet,  this 
egalitarian  atmosphere  may  be  short-lived;  Romiszowski 
&  de  Haas  (1991)  state  that  it  is  evident  only  during  the 
initial  stages  of  on-Une  group  interaction.  Also,  decisions 
that  must  be  reached  by  consensus  can  be  awkward  and 
time-consuming  to  form  on-line,  making  deadlines 
difficult  to  meet  (Harasim,  1990;  Siegel,  et.  al.,  1986). 

Hiltz*s  (1990)  research  on  instructional  CMC  (or 
virtual  classrooms)  revealed  that  students  who  fare  well 
in  on-line  learning  environments  are  typically  self- 
disciplined,  have  average  or  better  verbal  and  quantitative 
skills,  and  have  relatively  easy  access  to  telecommunica- 
tions facilities.  Romiszowski  &  de  Haas  (1991)  empha- 
size the  need  for  teachers  using  CMC  tools  to  be  active 
group  leaders,  but  not  in  the  ways  that  are  common  m 
face-to-face  classroom  situations. 

This  leader  or  moderator  must  be  the  host,  setting  a 
congenial,  non-threatening  climate,  thanking  people 
for  their  contributions,  and  stimulating  them  to  react 
(again).  But  next  to  this  [the  leader]  has  to  be  a 
chairperson,  summariz[ing]  the  discussion,  ask[ing] 
for  clarifications,  creal[ing]  unity,  and  [keeping]  the 
theme  from  drifting  off  track.  And  last  but  not  least, 
the  leader  has  to  maintain  the  bunch  of  participants  as 
a  group,  (jroup  maintenance  includes  such  duties  as 
mediating  differences  that  become  obstructive  and 
making  comments  pertaining  to  the  group's  progress.*' 
(p.  54) 

This  is  much  easier  to  recommend  than  to  enact. 
Therefore,  the  challenges  that  are  unique  to  on-Une 
learning  environments  should  be  stated. 
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Choltongas  of  On-line  Interoctton 

On-line  courses  typically  consume  more  of  teachers' 
and  students'  time  than  do  courses  delivered  with  non- 
computer-mediated  tools  (Hiltz,  1990).  Text-based 
interaction  may  cause  participants  to  feel  the  effects  of 
information  overload,  since  the  more  lively  the  discus- 
sion, the  more  reading  is  required  of  each  participant  The 
possibilities  of  frustration  muldply  as  the  participant 
group's  size  increases  (Harasim,  1990).  As  Hiltz  (1990) 
states,  "for  some  students,  the  [virtual  classroom)  can  be 
perceived  as  an  imposition  rather  than  an  opportunity*'  (p. 
169),  because  all  group  members  must  participate  actively 
(rather  than  passively  taking  or  reading  through  lecture 
notes),  and  to  avoid  being  overwhelmed,  participation 
must  occur  daily. 

Although  the  time-shifted  nature  of  asynchronous 
communication  gives  the  learr-er  greater  control  over  the 
temporal  conditions  of  the  learning  environment,  partici- 
pants may  feel  anxious  after  having  "spoken"  asynchro- 
nously when  timely  responses  are  not  received.  Feenberg 
(1987)  likens  this  to  the  feeling  of  speaking  into  a 
vacuum.  Harasim  (1990)  found  that  some  students  are 
reticent  to  contribute  to  a  discussion  that  has  a  relatively 
permanent  verbatim  record.  Also,  physical  cues  that  we 
all  take  for  granted  as  non-verbal  responses  to  our 
remarks  in  face-to-face  interactions,  such  as  facial 
expressions,  vocal  intonations,  hand  gestures,  and  subtle 
nuances  of  person-lo-person  interchange,  such  as  wit  and 
irony,  are  difficult  to  include  in  text-based  interactions. 
Participants  often  describe  this  as  a  significant  loss,  which 
can  heighten  feelings  of  social  insecurity  (Romiszowski 
&  de  Haas,  1991;  Harasim,  1990;  Hiltz,  1990). 

Timing  also  presents  a  challenge  in  an  asynchronous 
environment  concerning  discussion  theme  threads.  Since 
the  entire  discussion  is  available  for  on-line  review, 
participants  can  respond  to  issues  raised  at  any  time, 
forming  a  hypertext-like  discussion  web  posted  on  what  is 
now  a  relatively  linear  medium.  Romiszowski  &  de  Haas 
(1991)  suggest  that  this  can  encourage  proaastinati(Mi  in 
response  or  failure  to  respond.  When  a  sizable  proportion 
of  the  interacting  group  does  not  post  responses  to  raised 
issues,  tills  can  discourage  overall  interest  in  the  idea- 
sharing  aspects  of  CMC  conferences.  This  makes  it  easy 
for  participants  to  allow  the  discussion  themes  to  drift. 
Asynchronous  computer  conferences  are,  therefore,  "not 
only  multi  level  (several  themes  in  discussion)  but  also 
multi  speed  (different  aspects  of  a  theme  being  addressed 
by  different  participants)."  (Romiszowski  &  de  Haas, 
1991,  p.  54) 

Th0  Course 

Despite  these  challenges,  it  can  still  be  argued  that  a 
course  designed  to  help  educators  become  facile  with  all 
types  of  Internet  resources,  familiar  with  issues  that 


impact  instrucdonal  use  of  on-line  services,  and  adept  at 
designing  instruction  in  which  use  of  telecomputing  tools 
is  infused,  should  be  situated  primarily  on-line,  giving 
participants  ample  opportunity  to  experience  the  advan^ 
tages  and  drawbacks  to  interactive,  computer-mediated, 
asynchronous,  text-based  learning. 

Internet-Based  Telecomputing,  a  graduate  course  for 
K-12  educators  and  other  instiuctional  technology 
students,  is  an  intensive  introduction  to  die  active  explora- 
tion of  Internet-based  telecomputing  resources  and  their 
infusion  into  existing  primary,  middle  school,  secondary, 
and  training  curricula  The  class  meets  primarily  on-line, 
with  3  day-long  face-to-face  meetings  on  Saturdays  at  Uie 
beginning,  midpoint,  and  end  of  the  semester.  These 
meedngs  are  considered  to  be  extremely  important  by 
both  students  and  instructor,  since  they  expedite  the 
process  of  conununity  formation,  team  project  planning, 
and  learning  to  use  different  types  of  Internet  resources  in 
a  guided  hands-on  format. 

The  asynchronous  context  in  which  the  class  is 
collaboratively  created  by  all  participants  is  one  of  an 
electronic  community,  supported  and  recorded  by 
approximately  12  statewide  Usenet  newsgroups  (orga- 
nized according  to  article  topics,  such  as  resource 
announcements,  technical  assistance,  weekly  readings 
discussion,  and  lesson/activity  ideas)  and  private  elec- 
tronic mail  exchanges.  Students  learn  to  use  diese 
services,  along  with  interactive  (Telnet)  access  to  re- 
motely located  programs,  FTP  file  transfers,  LISTSERV 
discussion  groups,  information  locators  (such  as  WATS, 
Gopher,  and  Archie),  and  others,  by  exploring  Internet 
sites  suggested  by  the  instructor  or  their  classmates,  then 
sharing  reactions,  curricular  incorporation  ideas,  and 
access  tips  with  the  group. 

Project  work  for  the  course  is  completed  both  indi- 
vidually and  in  groups  of  various  sizes.  A  class-compiled 
**Intemet  Resource  Directory  for  Educators,"  which  lists, 
describes,  and  provides  novice-level  directions  for  use  of 
different  sites  appropriate  for  application  in  K-12  class- 
rooms with  telecomputing  access,  comprises  the  bulk  of 
students'  project  work.  Each  student  is  responsible  for 
exploring  several  different  self-selected  Internet  site  types 
both  individually  (for  small-scale  Telnet  sites,  LISTSERV 
groups,  and  national/international  newsgroups)  and  in 
teams  (for  large-scale  Telnet  sites  and  FTP  sites).  Each 
entry  in  die  IRD  is  field-tested  on-line  and  critiqued  by 
classmates;  successive  drafts  are  exchanged  on-line 
among  feedback  group  members.  The  IRD  is  updated  and 
expanded  by  each  group  of  students  who  register  for  die 
course  in  successive  semesters,  dien  made  available  to  the 
general  Internet  community  via  LISTSERV  announce- 
ments of  anonymous  FTP  sites  that  include  the  directory. 

A  final  project  that  proposes  a  forward-thinking 
infusion  idea  incorporating  use  of  several  types  of  Internet 
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resources  in  a  classroom-based  or  training  activity  is 
planned,  field-tested,  and  revised  by  teams  of  graduate 
students  working  with  the  educators  for  whose  use  the 
activity  is  designed.  The  idea  is  then  shared  through  the 
writing,  revision,  and  (optional)  submission  of  an  article 
manuscript  to  instructional  technology  journals  such  as 
ne  Computing  Teacher,  Educational  Technology,  or  ED- 
TECH  Review, 

Ongoing  on-line  discussions,  which  all  students  are 
required  to  read  each  week,  and  to  which  all  are  also 
required  to  contribute  regularly,  address  issues  such  as 
free  speech  in  electronic  contexts,  K-12  access  to  tele- 
communications resources,  electronic  copyright, 
telecomputing  support  of  lifelcmg  learning,  and  human 
networking  as  a  social/historical/ideological  trend. 
Published  research  on  use  of  telecomputing  tools  in 
education,  business,  and  leisure  is  reviewed  and  discussed 
seminar-style,  with  different  sUJdents  reading  and 
sunmiarizing  different  studies,  Uien  leading  the  on-hne 
discussions  that  relate  to  each. 

Paper-based  readings  for  the  course  for  the  Spring 
1993  semester  include  Krol's  The  Whole  Internet  (1992; 
O'Reilly  and  Associates)  as  a  technical  guide,  Lipnack  & 
Stamps*  The  Networking  Book  (1986;  Routledge  &  Kegan 
Paul)  as  an  introduction  to  Uie  **big  picture"  of  networking 
as  a  social,  historical,  and  ideological  trend,  LaQuey's 
The  Internet  Companion  (1993;  Addison-Wesley)  as 
optional  novice-level  background  reading  on  the  Internet, 
and  an  instructor-compiled  packet  of  shorter  readhigs, 
user  directions,  and  resource  hsts.  Students  are  also 
required  to  locate,  read,  and  share  information  on 
telecomputing  research  and  applications  according  to 
specific  areas  of  personal/professional  interest. 

Students  keep  logs  of  tiieir  telecomputing  activity,  and 
estimate  that  they  spend  ah  average  of  6-10  hours  each 
week  on-line  doing  work  related  to  the  class,  which  is 
about  double  what  is  required.  (Many  jokingly  refer  to 
Internet  exploration  as  "an  addiction.")  Most  prefer  to  go 
on-line  at  least  once  per  day,  often  at  night  just  before 
going  to  bed;  the  majority  of  the  students  have  purchased 
modems  to  use  witii  Uiei:  home  and/or  school  computers 
rather  tiian  use  the  universit- '*s  public  computer  facilities. 
Many  smdents  also  take  it  upon  themselves  to  voluntarily 
share  the  information  tiiat  they  discover  through  their 
course-related  work  witii  other  educators,  even  to  the 
extent  of  scheduling  workshops  tiiat  they  teach,  sharing 
printed  copies  of  Uie  resource  directory,  inuoducing 
university  faculty  who  teach  other  courses  in  which  they 
are  enrolled  to  Internet-based  resources,  or  providing 
information  to  the  Internet  community  at  large  via  public 
LISTSERV  or  newsgroup  discussions. 

The  instructor  in  tiais  rich  interactive  context  certainly 
learns  as  much  as  the  students,  although  the  focus  of  her 
learning  is  concentrated  more  upon  method,  rather  than 


content.  The  scope  of  this  paper  is  not  broacl  enough  to 
include  delineation  of  all  methodological  lessons  encoun- 
tered in  such  a  dynamic  teachingAeaming  context. 
Instead,  a  few  key  suggestions  for  other  instructors 
seeking  to  incorporate  telecomputing  tools  into 
postsecondary  education  that  have  been  substantiated  by 
faculty  wiUi  similar  experience  can  be  shared. 

Facilttating  On-line  Learning 

Most  graduate  students  have  not  yet  experienced 
classes  taught  primarily  or  entirely  on-line.  The  sense  of 
place,  therefore,  is  exu-emely  important  to  conrniuuicate 
as  quickly  and  as  positively  as  possible.  Romiszowski  & 
de  Haas  (1991)  suggest  the  following  strategies  to  help 
establish  a  welcoming  environment  for  students,  espe- 
.  cially  those  who  have  not  previously  participated  in  on- 
line courses. 

•  leave  a  personal  welcome  message  for  each  student; 

•  reinforce  early  attempts  at  participation; 

•  reference  students*  responses  in  your  comments; 

•  send  students  individual  (private)  conrununication  that 
provide  feedback; 

•  model  expected  behavior,  concentrating  on  content 
and  thought  provoking  ideas,  ratiier  than  such  tilings 
as  keyboarding  skills  and  formatting  (p.  54). 

Students'  early  on-line  experiences  are  critical;  if 
these  are  not  perceived  to  be  successful  tiiey  will  prob- 
ably encounter  a  semester  of  suuggle,  rather  tiian  a  period 
of  self-motivated  discovery  and  sharing. 

Although  on-line  teaching  (comprised  primarily  of 
hosting,  providing  guidelines,  moderating  discussion, 
catalyzing  groupwork,  and  the  like)  is  probably  more  an 
art  to  be  practiced  tiian  a  set  of  skills  to  be  acquired, 
Romiszowski  &  de  Haas  (1991)  provide  a  helpful  set  of 
suggestions  for  being  an  on-line  group  faciUtator. 

•  keep  the  main  discussion  on  track  by  providing 
leading  questions; 

•  if  Oie  discussion  starts  getting  off  track,  refocus; 

•  if  a  distracting  topic  appears  that  is  generating  interest, 
create  a  tauich  so  tiiat  the  competing  conversation  is 
separate  but  optional; 

•  focus  effort  by  suggesting  tiiat  smdents  look  deeper 
into  topics  when  applicable; 

•  provide  summaries  of  what  has  been  transpiring  by 
drawing  togetiier  main  themes. 

When  CMC  is  expected  to  promote  instruction, 
stuc^nts  need  to  be  provided  with  clear  guidelines  as  to 
what  is  expected  of  tiiem  (Includin;^  tiie  frequency  of  their 
participation)  and  how  to  participate,"  (pp.  54-55) 

Haxasim  (1990)  emphasizes  that  "...asynchronicity  is 
not  atemporality.  While  there  is  more  flexibility  over  the 
time  of  an  interaction  on-line,  timeliness  in  discussing  the 
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current  topic  remains  important."  (p.  47)  It  is  probably 
more  important  to  set  and  enforce  specific  deadlines  and 
participation  requirements  n  primarily  asynchronous 
learning  environments  than  in  traditional  face-to-face 
contexts. 

The  characteristics  of  the  context  itself  can  be  created, 
in  a  more  global  way,  to  insure  the  success  of  teaching 
and  learning  on-line.  Levin,  Kim  &  Riel  (1990)  suggest 
that  the  following  five  participant  structures  will  help  to 
create  a  well-functioning  network  community: 

1 .  A  group  of  people  who  work  together  or  share  interest 
in  a  task,  but  who  find  it  difficult  to  meet  in  the  same 
location  and/or  at  the  same  time 

2.  A  well-specified  task  to  be  accomplished  by  this  group 

3.  Ease  of  axess  to  a  reliable  computer  network 

4.  A  sense  of  responsibility  to  the  group  and/or  task 

5.  Strong  leadership  and  final  evaluation  of  the  group 
task  (p.  189) 

Because  the  nature  of  participation  in  on-line  activities 
is  rather  fluid,  Levm  et.al.  (1990)  recommend  the  use  of 
electronic  task  forces  (teletaskforces)  comprised  of 
people  with  diverse  abilities  and  similar  task-wiented 
interests  to  complete  relatively  short-term  projects.  For 
instructional  goals  that  require  longer-term  interaction 
than  teletask  forces.  Levin  et.  al.  (1990)  recommend 
developing  electronic  apprenticeships 
{teleapprenticeships),  in  which  novices  learn  within  the 
context  of  the  electronic  domain  itself,  with  the  periodic, 
personalized  guidance  of  a  more  experienced  network 
user.  Relationships  such  as  these  developed  quite  natu- 
rally  among  the  members  of  the  Internet  classes,  even 
among  novices  who  had  experimented,  for  example,  with 
different  resource  types,  telecommunications  software,  or 
addressing  schemes. 

Students  are  often  emphatic  in  their  requests  that 
college  and  university  education  faculty  "practice  what 
they  preach"  when  teaching  graduate  courses,  especially 
those  which  cover  new  ideas  about  and  techniques  for 
instruction.  It  is  clear,  therefore,  that  the  use  of  asynchro- 
nous CMC  tools  to  help  educators  to  explore  and  infuse 
Internet-based  services  is  appropriate.  The  ways  in  which 
these  experiences  are  best  organized  and  facilitated  are 
still  open  for  consideration,  though,  being  as  dynamic  and 
coUaboratively-fonned  as  the  discourse  within  the  on-line 
contexts  itself. 
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Several  faculty  members  in  the  Department  of 
Technology  and  Education  at  Mississippi  State 
University  (MSU)  initiated  a  project  in  1991  to 
encourage  teacher  education  majors  to  begin  incorporat- 
ing resources  available  through  the  Internet  into  their 
studies  .  The  initial  phase  of  the  project  involved  requir- 
ing students  in  specific  classes  to  obtain  a  campus 
electronic  mail  account.  Once  the  students  were  on  the 
electronic  mail  system,  they  were  to  begin  exploring  it. 
Limited  feedback  in  class  was  sought,  so  students  gained 
limited  benefit  from  this  first  telecommunications 
experience.  This  process  had  potential,  but  needed  more 
organization. 

During  the  spring  of  1992,  an  organized  plan  for 
preservice  teachers  to  use  the  Internet  was  created  and  put 
into  practice.  John  Perry  arranged  for  each  student  in  his 
Methods  of  Teaching  Basic  Business  Subjects  class  to 
acquire  an  electronic  mail  account  so  they  could  access 
the  Internet.  Educators  and  professionals  around  the  world 
were  invited  to  converse  electronically  with  these 
students.  Many  in-class  discussions  revolved  around 
methods  in  which  information  gleaned  from  their  global 
contracts  could  be  infused  into  lesson  plans  or  instruc- 
tional practices.  Incorporation  of  telecommunications  into 
this  class  scheme  was  quite  successful. 

One  of  the  educators  who  volunteered  to  communicate 
with  this  class  was  Ken  Schmidt,  a  social  studies  profes- 
sor in  the  Department  of  Curriculum  and  Instruction  at  t^^ 
University  of  Wisconsin-Eau  Claire  (UWEC).  When  he 
was  introduced  to  the  kind  of  activity  in  which  students 
would  be  engaged,  he  asked,  "Would  you  be  willing  to  let 
your  students  talk  with  my  students?" 

The  collaborative  project  between  MSU  and  UWEC 
got  into  full  swing  during  the  fall  1992  semester.  Ap- 
proximately 280  students  at  MSU  and  50  students  at 
UWEC,  along  with  the  affected  faculty  at  each  institution, 
exchanged  Internet  addresses. 

Students  exchanged  ideas,  suggestions,  and  insights 
that  were  incorporated  into  class  discussions  as  though 
this  information  had  been  gleaned  from  expert  consult- 
ants. Faculty  at  MSU  heard  students  make  coniments  such 
as,  "Heidi  said      or  "Last  week,  Frank  told  me or 
"This  morning  when  I  read  my  mail  from  Dean  Dunlap, 
he  told  me  that  certification  for  probationary  teachers  in 
Wisconsin  ..."  We  soon  realized  that  these  other  person- 
alities merely  represented  an  extension  of  our  classes.  A 
key  point  is  that  the  information  was  timely  and  students 
felt  a  sense  of  ownership  in  the  body  of  knowledge  being 
constructed  in  the  course. 

Faculty  who  participated  in  this  telecommunications 
project  have  identified  severa)  rosiiive  influences  on 
teacher  education: 
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•  impact  of  telecommunications  on  the  ''closeness"  of  a 
class 

•  sociological  changes  in  students 

•  educational  resource  exchange 

•  administrative  barriers  to  project  continuation,  and 

•  long-term  relevance  of  project  activities. 

Other  institutions  are  invited  to  participate  in  this 
project. 

Larry  Anderson  is  Assistant  Professor  of  Technology  and 
Education  and  is  Director  of  the  Instructional  Technology 
Resources  Center,  College  of  Education,  Mississippi  State 
University,  Mississippi  State,  MS  39762  e-mail: 
Isal  @  ra.msstate.edu. 

John  Perry  is  Associate  Professor  of  Technology  and 
Education,  College  of  Education,  Mississippi  State 
University,  Mississippi  State,  MS  39762  e-mail: 
jjpl@ra.msstate.edu. 

Ken  Schmidt  is  Professor  of  Curriculum  &  Instruction, 
College  of  Education,  University  of  Wisconsin-Eau  c-- 
Claire,  Eau  Claire,  WI 54702-4004  e-mail: 
schmidkc  @  cnsvax.  w  wee.  edu. 


Intemot:  An  •loctronic  extension  of  th#  clossroom  647 


660 


Telecommunication 
training  materials  for 
teacher  education 

Ann  E.  Barron 
Universily  of  South  Florida 

Karen  S.  Ivers 
Universily  of  South  Florida 


Introduction:  A  Scenario 

At  long  last!  Mr.  Cronbach  had  just  received  a 
modem  through  a  mini-grani  be  bad  written 
entiUed  "A  Classroom  Without  Walls."  He  had 
heard  several  of  his  colleagues  speak  of  the  wonderful 
potential  of  telecommunications— students  exchanging 
data  and  activities  with  students  in  other  countries,  access 
to  on-line  database  systems,  inforaiation  interchanges 
through  on-line  conferences,  sharing  ideas  with  other 
teachers.  Mr.  Cronbach  tore  the  modem  out  of  its  box!  It 
came  with  a  manual,  a  power  supply,  a  telephone  line, 
and  a  cable  to  attach  the  modem  to  his  computer.  Thumb- 
ing through  the  manual  and  referring  to  his  computer's 
user's  guide,  he  got  everything  connected  and  plugged  the 
phone  line  imo  the  phone  jack  the  principal  had  installed 
in  his  classroom. 

Now,  the  moment  he  had  been  waiting  for  He  booted 
up  his  conimunications  software,  clicked  on  "dial,*'  typed 
in  the  bulletin  board  system  (BBS)  dial-up  number,  and 
clicked  "OK."  Silence.  Nothing  appeared  on  the  screen. 
Mr.  Cronbach  waited  a  few  more  seconds  and  tried 
"Redial."  Again,  nothing.  Something  was  defmitely 
wrong.  He  checked  his  modem  connections,  but  they  were 
fme.  He  opened  his  software  manual  and  began  reading. 
Parameters?  Handshake?  Stop  Bits?  Parity?  Emulation? 
""ort?  He  read  further  and  realized  he  needed  some 
information  about  the  BBS.  He  got  his  account  informa- 
tion and  found  the  listing  of  possible  settings,  all  of  which 
varied  depending  on  the  communication  software  being 
used.  Things  were  getting  a  little  more  complicated  than 
Mr.  Cronbach  had  anticipAed.  He  had  always  heard  that 
telecommunications  was  just  like  talking  over  the  phone 
lines.  This  was  beginning  to  be  a  little  more  complex  than 
plugging  in  a  telephone. 

Mr.  Cronbach  went  back  into  his  software's  setUng 
section  and  made  some  choices  based  on  the  information 
he  had  read.  He  clicked  on  "Redial."  This  time  he  beard 
dialing  tones,  followed  by  a  static  sound.  Garbled  letters 
began  racing  across  his  screen.  He  pressed  Return;  more 
garbled  letters  appeared.  He  clicked  on  "Hang-up,"  and 
felt  his  blood  pressure  rising.  He  decided  to  edit  his 
software's  setting  section.  He  changed  the  emulation,  data 
bits,  and  parity.  He  clicked  on  "Redial."  Again,  Mr. 
Cronbach  heard  dialing  tones,  followed  by  a  static  sound. 
Words  appeared  on  the  screen!  Mr.  Cronbach  sighed  with 
relief.  Whatever  he  had  done,  it  obviously  worked. 

The  words  on  the  screen  said,  "Please  log  in."  Mr. 
Cronbach  entered  his  name  and  pressed  Return.  An  eiror 
message  appeared.  The  computer  screen  stared  back  at 
him,  **Please  log  in."  He  looked  back  at  his  BBS  reference 
guide  and  found  the  directions  for  thz  information  he 
needed  to  type.  (Perhaps,  he  lliought,  something  he  should 
have  done  in  the  first  place.)  In  his  haste  to  proceed,  be 
mis-typed  the  log  in  command.  When  be  went  back  to 
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delete  the  characters,  his  delete  key  would  not  move  the 
cursor!  He  pressed  Return  to  start  again.  Instead  of  the 
regular  error  message,  the  system  came  back  with  the 
message,  "Please  contact  your  sysop"  and  disconnected 
him. 

Mr.  Cronbach  looked  over  to  his  modem  and  began 
thinking  about  its  potential  as  a  paper  weight.  He  would 
try  one  last  time.  He  clicked  on  "Redial."  Dial  tones  and 
static  sounds  pierced  his  ears,  llie  "Please  log  in"  prompt 
appeared.  Slowly  and  carefully,  Mr.  Cronbach  entered  the 
log  in  information.  The  screen  scrolled.  Mr.  Cronbach 
sighed.  It  now  asked  for  his  Usemame.  Slowly  and 
carefully,  he  typed  in  his  usemame.  The  screen  sCTOlled. 
Next,  the  system  asked  for  his  password.  Slowly  and 
carefully,  he  typed  m  his  password  from  the  BBS  infor- 
mation guide.  The  screen  scrolled.  He  was  welcomed  to 
the  BBS.  To  make  a  selection  on  the  menu  that  appeared, 
all  he  had  to  do  was  type  the  menu  command  and  press 
the  PF12  key  on  his  keyboard.  Mr.  Cronbach  looked. 
None  of  his  keys  were  labeled  PF12. 


The  frustration  and  confusion  that  teachers  may 
experience  when  first  learning  about  telecommunications 
is  an  unnecessary  obstacle  to  providing  students  "class- 
rooms without  walls."  Unfortunately,  lack  of  teacher 
training  and  support  continues  to  be  a  challenge  for 
technological  advancements  in  many  schools.  To  encour- 
age the  use  of  leleeommunications  by  Florida  educators, 
the  Florida  Department  of  Education,  Bureau  of  Educa- 
tional Technology,  and  the  Florida  Information  Resource 
Network  (FIRN)  have  provided  funding  for  training 
materials.  The  components  of  these  materials  are  de- 
scribed in  this  paper. 

Background 

Several  years  ago,  the  Florida  Legislature,  through  the 
Department  of  Education,  estabUshed  the  Florida  Infor- 
mation Resource  Network  (FIRN).  This  wide-ai~ea 
teleconununications  network  was  primarily  used  to 
connect  data  centers  and  computer  resources  at  universi- 
ties, community  colleges,  and  school  distilcls. 

In  1991,  the  electronic  mail  component  of  the  system 
(FIRNMAIL)  was  expanded  to  provide  free  use  for  all 
public  educators.  Teachers  and  students  now  can  retrieve 
information  from  remote  databases  at  the  state  universi- 
ties, includmg  the  on-line  library  catalogs  and  ERIC 
(Educational  Resources  Information  Center).  They  can 
also  download  a  weekly  teacher's  guide  to  News  Week  or 
image  files  of  satellite  weather.  In  addition,  through 
FIRNMAIL,  educators  can  send  and  receive  messages  to 
other  educators  throughout  the  stale  and  participate  in 
conferences  of  common  interests. 

To  meet  the  needs  of  PIRN  users,  there  are  ten 


technical  support  personnel  (FIRNTaj^Cs)  located  at 
various  sites  throughout  the  state.  Using  telephones  or 
electronic  mail,  the  FIRNTECs  provide  assistance  on 
hardware  and  software  issues.  They  also  conduct  training 
sessions  for  teachers  and  administrators. 

The  FIRNTECs  have  been  extremely  successful  in 
meeting  the  technical  needs  of  the  network.  They  do  not, 
however,  have  the  time  to  produce  the  range  of  instruc- 
tional materials  required  by  new  FIRN  users.  For  that 
reason,  the  Florida  Center  of  Instructional  Technology 
(FCIT),  one  of  four  "satellite"  centers  funded  by  the 
Horida  Department  of  Education  to  assist  educators,  was 
asked  to  design  and  develop  a  variety  of  iMOducts, 
including  a  booklet  on  telecommunications  basics, 
computer  tutorial/simulations,  and  brochures. 

Booklet  on  Telecommunication  Basics, 

TeleconununiCc^Uons  vocabulary,  such  as  parity,  half- 
duplex,  aiKl  terminal  emulation,  is  almost  a  foreign 
language  to  many  educators.  In  addition,  it  can  be 
frustrating  for  novices  in  the  field  to  determine  which 
modem  to  buy,  how  to  coniiect  it,  and  how  to  ensure  the 
proper  software  settings.  To  provide  guidance  for  teach- 
ers, a  booklet,  entitled  Telecommunications  Basics  was 
written.  The  booklet  is  composed  of  four  main  sections, 
irKluding: 

1 .  Educational  Applications  for  Teleconmiunications 
This  section  outlines  several  advantages  provided  by 
utilizing  teleconununications  in  educational  environ- 
ments. Broad  areas,  such  as  "access  to  experts,"  are 
expanded  with  short  case  studies  or  examples. 

2.  Hardware 

The  hardware  section  provides  procedures  for  select- 
ing and  instalUng  the  hardware  components.  Detailed 
graphics  axe  provided  to  illustrate  the  configurations 
required  to  connect  a  modem  to  an  Apple  He,  Apple 
GS,  Madntosh,  and  MS-DOS  computer. 

3.  Softwave 

n  the  software  section  of  the  booklet,  educators  are 
introdLxed  to  the  concepts  and  *^ettings  required  for 
baud  rates,  stop  bits,  terminal  emulation,  and  other 
parameters.  Sample  telecommunication  software 
programs  are  referenced  as  examples  of  communica- 
tion settings. 

4.  Commercial  Systems 

The  final  portion  of  Telecommunications  Basics  is 
devoted  to  commercial  systems  for  telecommunica- 
tions. A  brief  description  of  each  system  is  included, 
as  well  as  contact  information. 

The  booklet  also  includes  seveml  appendices,  iiKlud- 
ing  a  generous  glossary  of  terminology,  a  list  of  technical 
suppo*^,  personnel,  and  dial-up  numbers  for  local  access  to 
Uk  state  network. 
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Computw  Tut  oriai/Simulcrtion 

Florida  provides  a  free  electronic  mail  system 
(FIRNM  AIL)  for  educators.  Although  it  is  primarily  a 
menu-driven  system,  new  users  often  need  help  with  the 
interface.  For  example,  the  software  was  originally 
developed  for  a  VAX  mainframe  and  several  of  the 
commands  refer  Co  a  "Gold"  key.  There  is  no  "Gold"  key 
designated  on  microcomputers,  and  users  can  easily 
become  frustrated  looking  for  one. 

Another  feature  of  the  FIRNM  AIL  software  that  can 
cause  confusion  is  the  concept  of  the  electronic  folders. 
Each  user  automatically  has  five  folders  (Inbox,  Outbox, 
Created,  Read,  and  Wastebasket).  Knowledge  of  these 
folders  is  important  for  users  to  find,  retrieve,  and  delete 
their  messages. 

In  order  to  provide  a  means  by  which  educators  can 
familiarize  themselves  with  FIRNM  AIL,  a  computer 
simulation  was  developed.  This  program  enables  users  to 
practice  creating  and  sending  messages  without  obtaining 
a  FIRNMAIL  account,  a  modem,  or  a  telephone  line. 

The  computer  program  was  designed  with  four  major 
categories.  Each  category  is  a  Main  Menu  selection  that 
can  be  accessed  in  any  order,  or  repeated,  if  desired. 
Throughout  the  program,  maximum  learner  control  is 
provided  with  permanent  options  such  as  Review,  Return 
to  Menu,  and  Exit.  In  addition,  users  can  access  a  course 
map  to  determine  their  location  or  navigate  through  the 


program.  A  glossary  of  terms  is  permanently  available 
also.  The  program  contains  the  following  sections: 

1.  Telecooununications  Basics. 

The  first  section  of  the  program  provides  introductory 
information  on  teleconmiunications.  Configuration 
requirements  are  oudined  and  illustrations  are  pro- 
vided for  connecting  modems  to  various  computer 
types.  In  addition,  conmiunication  software  settings 
are  defined  with  a  simulated  saeen.  Students  also 
interact  with  the  program  to  enter  dialing  instructions 
in  the  software  (see  Figure  1). 

2.  hitroduction  to  HRNMAIL 

The  second  portion  of  the  lesson  focuses  on  FIRN  and 
FIRNMAIL.  After  providing  background  information, 
the  program  introduces  the  concept  of  electronic 
folders  for  storing  messages.  In  order  to  make  the 
abstract  concept  of  folders  more  concrete  for  the  users, 
the  program  inchides  animations  depicting  the 
movement  of  messages  from  folder  to  folder  (see 
Figure  2). 

3.  HRNMAIL  Sunulation 

The  third  segment  contains  a  detailed  simulation  of 
FIRNMAIL.  Students  can  emulate  the  exact  key- 
strokes and  procedures  required  to  create,  send,  read, 
index,  and  delete  messages  (see  Figure  3).  The  lesson 


Name: 


Phone  Nuniber: 


(cancel)      (  Dial  ) 


Dialing  In 


3  of  8 


The  Dial  Service  screen 
requires  the  name  and 
number  of  the  service  you 
wish  to  call. 

Type  "FIRN"  in  the  first  row 
under  "Name:"  and  press  the 
Tab  key. 


Figure  1 .  Somple  dial-up  screen. 
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I  jft$\  f  o«  my 
«am,'t  wilt  Ko  f  €t 


Folders 
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You  will  be  returned  to  the 
ELECTRONIC  MESSAGING 
menu.  Note  that  the  status  of  the 
message  is  "UNSENT"  and  it  is 
in  the  CREATED  folder. 

Type  "s"  and  press  Return  to  send 
the  message.  Watch  it  move  to 
the  OUTBOX  folder. 


INBOH 


RERD 


lU.BRSKET 


Figure  2.  Animated  message  folders. 


Electronic  Messaging 

(2  new  mail  messages) 


SB-    SaUcl  iMssagtt 
CP     Change  Fassmord 
EX  Exit 


Fold«r: 

TItU: 

Author: 

Oat«: 

Nu«b«r: 


Status: 


C  r-eat« 

S  Sand 

E  Edi  t 

8C  Sp€n  ch€Ck 


nEmiNG  icssnocs: 

ftl  Bead  new  »ai1 
R  Rftod  old  mail 
D  D«Uttt 


ft  flns««r 
F  Fomwrd 


Type  "c"  and  press  Return  to  Create  a  message. 


Figure  3.  Captured  system  screen. 
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is  very  realistic  and  uses  the  student's  name  to  produce 
a  FIR2^JM  AIL  identification  name  similar  to  that  of  the 
FIRNMAIL  system. 
4.  Applications 

The  final  section  of  the  courseware  provides  informa- 
tion on  applications.  A  list  of  the  names  and  focus 
areas  of  several  commercial  applications  is  inc-  ..lea. 
The  address  and  telephone  number  of  the  vendors  are 
also  provided  for  those  seeking  further  information 
(see  Figure  4).  Similar  information  is  included  for 
applications  that  are  specific  to  Florida  and  FIRN. 

Brochures  for  Electronic  Access 

In  addition  to  FIRNMAIL,  Rorida's  educators  can 
access  several  other  electronic  databases  through  FIRN. 
These  systems  are  free  of  charge  and  are  available 
through  local  dial-up  access  numbers.  The  systems 
include: 

•  LUIS  (Library  User  Information  System) 

LUIS  is  the  on-line  card  catalog  system  of  library 
materials  found  within  Florida's  State  University 
System. 

•  ERIC  (Educational  Resource  Information  Center) 
ERIC  is  a  large  database  of  educational  journals  and 
reference  materials. 


•  FCIDS  (Florida  Curriculum  Information  Database 
System) 

This  application  provides  information  for  teachers  and 
guidance  counselors  in  Florida. 

•  Free  for  Teachers  Database 

This  database  is  an  automated  clearinghouse  of 
Florida-based  programs,  materials,  and  other  environ- 
mental education  information. 

The  database  systems  are  housed  at  various  mainframe 
computers  throughout  the  state  and  do  not  have  standard- 
ized interfaces.  For  example,  FCIDS  uses  an  IBM 
mainframe  and  users  must  emulate  PF  keys  for  com- 
mands. FREE  for  Teachers  requires  users  to  communicate 
with  KP  (keypad)  commands,  and  FIRNMAIL  utilizes 
GOLD  keys. 

In  addition  to  the  confusion  caused  by  the  non- 
standardized  interfaces,  many  systems  have  unique  log-on 
and  log-off  procedures.  To  provide  some  guidance  for 
users  and  to  enhance  the  use  of  these  systems,  quick 
reference  guides  and  brochures  were  developed  for  each 
application.  The  quick  reference  guides  provide  clear  and 
concise  procedures  for  accessing  and  exiting  the  systems. 
They  are  produced  on  card  stock  and  connected  with  a 
ring  for  ease  of  use. 


National  Geographic  Society  Educational  Services 


National  Geographic  Kids  Network 
provides  specific  curriculum 
projects  for  national  classroom 
participation. 

•  Grades  3  -  12 

•  Pre- set  curriculum  units 

•  Emphasis  on  science 

•  Eight  week  units 


t^<(<fress: 


National  Geographic  Society 
Educational  Services 
P.O.  Box  98018 
Washington,  DC  20090 
(800)  368-2728 


Print  this  c»rd. 


Return 


Figure  4.  Sample  commercial  application  screen. 
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The  brochures  expand  on  the  quick  reference  guides 
and  provide  additional  information  on  the  use  of  the 
systems.  Dial-up  access  numbers  are  included  in  the 
brochures,  as  well  as  sample  searches  and  substitution 
keystroke  conmiands  for  terminal  emulation. 


Conclusion 

The  booklet,  brochures,  and  simulation  are  being  used 
to  encourage  and  enhance  the  use  of  telecommunications 
and  FIRNMAIL  in  Florida  They  are  disseminated  free  of 
charge  by  the  FIRNTECs  and  the  Florida  Center  for 
Instructional  Technology.  Through  these  and  other 
products,  teachers  can  explore  telecommunications  and 
become  "TeleConfident." 
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Grassroots 
tele:^ommunications:  An 
alternative  teacher 
education  resource 

Edward  J.  Nemeth 
University  of  Nebraska— Lincoln 


A  Grassroots  Model 

TC  Forum  and  its  associated  Nebraskan  Bulletin 
Board  Systems  grew  out  of  the  needs  of  educators 
to: 

1)  develop  a  distant  teaching  computer  instructional 
model  for  training  teachers,  school  administrators,  and 
community  leaders  on  sensitive  and  contemporary 
educational  concerns,  problems  and  issues;  and 

2)  provide  empathetic  support  and  consultation  to 
conununily  members  who  are  actively  engaged  in  the 
positive  solution  of  these  concerns  and  issues. 

The  system  was  conceived  by  community  college, 
teacher  preparation  and  vocational  educators.  It  was 
developed  by  these  same  educators  and  is  maintained  by 
them.  TC  Forum  is  a  grassroots  operation  from  its 
conception  to  its  present  day  operation.  Thus,  it  solves 
many  telecommunications  problems  in  a  manner  that  is 
grasped  by  non  technical  users,  i.e.,teachers,  students  and 
conmiunity  leaders.  It  is  free,  accessible,  and  friendly. 
With  few  exceptions,  software  is  public  domain  or 
shareware.  Sub-systems  are  relatively  easy  to  set  up  and 
maintain.  Servers  can  be  operated  by  anyone  with  a  fair 
knowledge  of  MS-DOS  operaUng  systems.  They  can  be 
adapted  to  regional  needs  or  interests,  and  can  be  made 
very  user  fnendly.  TC  Forum,  as  well  as  its  associated 
regional  host  systems,  are  locally  based  but  exchange 
information  nationally  and  internationally. 

The  model,  as  a  combination  Internet  and  PC  Bulletin 
Board  System  (BBS)  model,  had  several  advantages 
which  led  to  its  implementation.  As  a  PC-based  model, 
TC  Forum  could  be  duplicated  at  any  level,  any  place 
where  a  computer  and  phone  line  were  available.  Thus,  it 
could  reach  the  most  remote  locations. 

It  is  possible,  of  course,  to  implement  an  Internet- 
based  telecomputing  system  using  personal  computers  as 
the  foundation  for  a  disuibuted  network.  Notably,  the 
Virginia  Public  Education  Network  (PEN)  was  estab- 
lished using  80386  microcomputers  linked  to  the  Internet 
through  Serial  Line  Internet  Protocol  (SLIP)  connections, 
with  teachers  in  local  school  divisions  who  served  as 
volunteer  system  administrators  for  local  servers  (Bull, 
Cothem,  &  Stout,  1991).  In  Nebraska  TC  Forum  provides 
a  similar  grassroots,  PC-based  system,  although  the  links 
to  the  Internet  are  indirect  rather  than  direct. 

The  user  interface  provided  to  access  the  Internet  at 
many  universities  may  be  less  than  intuitive  for  novice 
users.  This  is  a  characteristic  of  the  local  interface  rather 
than  the  Internet  itself.  For  example,  inexperienced  users 
often  find  RN,  a  widcJy  used  program  for  reading 
newsgroups,  difficult  to  fathom.  However,  other  news 
readers  are  much  more  accessible  for  the  novice.  Kearsley 
and  Lynch  (1992)  have  noted  that  the  "Internet  is  a 
complex  global  network  that  requires  considerable 
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computer  expertise  to  use/'  It  is  certainly  true  that  the 
Internet  is  a  very  large  netwoilc,  with  more  than  a  million 
servers,  and  that  some  resources  accessible  through  the 
Internet  may  require  experiences  for  effective  use. 
However,  with  the  proper  interface,  many  Internet 
resources  are  accessibte  even  to  users  with  limited 
computing  experience. 

TC  Forum  provides  access  to  the  Internet,  but  local 
menus  can  be  configured  by  individual  school  systems. 
TC  Forum  can  be  configured  to  meet  user  needs  and 
computer  hardware  even  when  accessed  through  Internet. 
There  is  no  need  to  map  keyboards  or  learn  alternative 
functions  to  keyboard  keys.  TC  Forum  is  accessible  from 
MS-DOS  computers,  Apple  II  computers.  Macintoshes, 
and  mainframe  terminals.  The  user  interface  employed 
uses  simple  menus  to  explain  commands  that  correspond 
with  the  user's  existing  keyboard  definitions.  Although 
joy  sticks  and  mouse  **point  and  click"  commands  do  not 
work  on  the  system,  Uiis  limitation  only  causes  observable 
initial  problems  for  Macintosh  and  Microsoft  Windows 
users. 

D^valopmont  of  TC  Forum 

Nebraska  is  experimenting  with  two  educational 


telecommunications  systems: 

1)  an  Internet  based  system  operated  on  UNIX  boxes 
unier  the  regulation  of  the  Technology  Center  at  the 
Nebraska  E)epartment  of  Eduction,  housed  and 
technically  supported  by  the  University  of  Nebraska^ 
Lincoln,  computer  center,  and 

2)  a  modem-dependent  system  operated  on  DOS  perscmal 
computers  (using  FIDONLT  and  RBBSNET  elec- 
tronic mail  networks)  that  is  jointly  hosted  by  TC 
Forum  at  Teachers  College,  University  of  Nebraska, 
and  the  Nebraska  Department  of  Education  curriculum 
division  state  colleges,  community  colleges  and 
regional  educational  service  units  in  the  State. 

TC  Fonmi  is  a  PC-based  system  operated  by  the 
Teachers  College  at  University  of  Nebraska,  and  one  of 
Nebraska's  PC  based  electronic  mail  hosts.  (The  Depart- 
ment of  Education  delivers  K-12  curriculum  resources 
and  Teachers  College  delivers  higher  education  resources 
as  well  as  comnnunity  and  teacher  suppcHt,  aid  adult 
education  resources.)  This  system  is  directly  accessible 
via  three  phone  lines  and  through  three  Internet  connec- 
tions. It  is  also  electronically  networked  by  modem  to  20 
institutional  sites  throughout  the  state,  many  of  which  are. 


Network  Structure  of  TC  Forum 


RBBS  Mail 


RDONET  Mail 


mail  &  file  modem 
connection  exchange 


InterNet 


TC  Forum  Host  System 


mail/file 
modem 
connection 
exchange 


3  nodes  into  the 
system  via  EtherNet 
&  3COM  Server 


Modems 


Regional  Host  System 


3  modem  lines  into 
the  system 


mail  &  file  modem 
connection  exchange 


Local  School  Host  Systems 
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in  turn,  networked  to  local  schools.  Thus,  TC  Forum  is 
serving  a  unique  gateway  position  between  Nebraska's 
Internet  and  PC  systems. 

As  both  an  Internet  and  a  local  resource,  TC  Forum 
aims  at  contributing  to  teacher  uaining,  public  school 
enhancement,  and  teacher  development.  It  maintains  and 
shares  on-lme  bulletins  and  newsletters  of  interest  to 
educators,  electronic  discussion  groups  on  a  variety  of 
tq)ics,  courses  and  workshq>s,  libraries  of  instructional 
software,  and  computer  files,  and  on-line  data  bases.  TC 
Forum  functions  as  a  clearinghouse  for  teacher  education 
information,  instruction,  and  communication.  It  supports 
interactive  re<^ch  through  databases  and  questionnaires. 
It  is  dius  a  u  ...  tool  for  both  assessment  and  analysis. 

TC  Forw./.i  originated  as  a  distance  teaching  project 
designed  to  connect  teachers  in  the  State  of  Nebraska  with 
each  other  and  the  Teachers  College  at  the  University  of 
Nebraska.  Since  the  state  is  rural  with  small  conununities, 
teachers  frequenUy  lacked  the  professional  communica- 
tion and  support  vital  to  improving  instruction.  It  was  felt 
that  a  simple  computer  bulletin  board  system  (BBS)  on 
which  both  practicing  K-12  teachers  and  teacher  trainers 
could  interact  might  help  provide  this  communication  and 
support.  It  would  be  an  electronic  means  to  inform 
educators  about  academic  programs  and  courses,  teacher 
workshops,  and  job  opportunities. 

While  TC  Forum  was  evolving,  an  important  simulta- 
neous development  was  on-going  in  the  state.  The 
Vocational-Technical  Division  of  the  Nebraska  Depart- 
ment of  Education  was  supporting  the  purchase  of 
computers  in  community  colleges  and  four  year  colleges 
with  applied  science  programs.  The  idea  was  to  develop 
bulletin  board  systems  as  a  means  to  support  vocational 
and  technical  interests  in  education.  Many  of  these 
systems  were  financed  by  Perkins  grants. 

From  this  point,  development  grew  rapidly  and  in 
several  directions.  The  two  separate  programs  combined 
efforts.  TC  Forum  became  the  focal  system  for  the 
growing  statewide  personal  computer  network.  It  joined 
the  national  Remote  Bulletin  Board  System  Network,  a 
personal  computer  electronic  mail  and  computer  file 
exchange  network,  which  aMowed  it  to  exchange  mes- 
sages and  files  worldwide  as  well  as  statewide.  Another 
bulletin  board  system  was  set  up  in  the  curriculum 
division  of  the  Department  of  Education  which  was 
connected  to  TC  Forum.  The  Department  of  Education's 
system  became  responsible  for  developing,  locating  and 
delivering  K-12  curriculum  resources.  TC  Forum  then 
became  a  node  on  the  Internet  which  provided  access  to 
an  even  wider  range  of  resources  and  links  to  teachers  on 
the  Internet.  And  finally,  the  statewide  network  was 
expanded  to  include  regional  K-12  Educational  Service 
Units  and  thus,  the  schools  themselves. 


How  it  Works 

A  synopsis  of  TC  Forum*s  structure  is  outlined  in  the 
chart  on  the  next  page.  From  the  main  menu,  the  oser 
accesses  specific  areas  of  the  system.  Ea':h  area  supports 
menus  to  access  pertinent  information  and  menus  to  allow 
deeper  access  into  the  area-  (Nemeth,  1992) 

One  major  feature  of  the  system  is  the  large  number  of 
local,  regional  and  national  technical  conferences  and 
discussion  groups  that  are  available.  Questions  may  be 
posted  in  these  message  bases  and  answers  received  from 
other  users  as  well  as  from  specialists.  These  conferences 
cover  tq)ics  which  range  from  using  word  processors  to 
using  Unbc,  and  from  computer  literacy  to  HyperCard 
instruction. 

Another  important  feature  of  TC  Forum  is  its  ability  to 
allow  educators  to  respond  quickly  to  special  educational 
concerns  and  outreach  topics.  For  example,  three  topics 
currenUy  requiring  special  and  immediate  teacher  training 
attention  are  AIDS  Education,  Multi-<:ultural  Education 
and  Assistive  Technology  Support.  Most  of  the  state* s 
resources  to  instruct  about  these  issues  are  located  at  the 
University  of  Nebraska,  where  TC  Forum  is  based,  so  it 
becomes  strictly  an  organizational  problem  to  move  the 
resources  mto  the  TC  Forum  model.  After  this,  the 
delivery  to  teachers  is  effective  and  rapid.  TC  Forum 
becomes  their  window  to  world 

As  with  other  telecommunications  systems  TC  Forum 
maintains  a  large  selection  of  resources,  both  for  on-line 
use  and  for  downloading.  Using  a  model  such  as  TC 
Forum  makes  it  possible  to  put  the  resources  currently 
deemed  most  important  in  the  spoOight.  It  also  serves  as  a 
reference  to  other  Internet  resources  by  providing  a 
central  focus  for  education  in  the  state.  TC  Forum 
maintains  lists  of  other  Internet  resources  and  instructs 
users  how  to  access  them.  Also  included  as  resources  are 
such  materials  as  USOE  Educational  Statistics,  ERIC 
summary  reports,  computer-assisted  instruction  programs 
(on-line  and  downloadable),  school  management  pro- 
grams and  files,  educational  databases,  separate  support 
conferences  for  professional  associations  (i.e.  Region  6  of 
the  Cooperative  Education  Association),  and  on-line 
course  instruction. 

The  Model  as  an  AHemotive  Teccher  Education 
Resource 

In  comparison  to  more  traditional  educational  delivery 
systems,  a  computer-based  teleconununications  system 
has  the  advantages  of  flexibility  and  extensive  resources. 
It  is  interactive,  yet  paced  at  each  user's  discretion.  It  can 
reduce  geographic  constraints  and  can  also  have  the 
advantage  of  anonymity.  No  racial  or  sexual  identification 
is  necessary.  Some  of  the  particular  features  of  the  TC 
Forum  model  found  valuable  in  these  regards  are  listed 
below. 
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Main  Menu 

""""  p  bulletins,  newsletters,  data  bases,  and 

on-line  information 

—  local  messages 

—  national  e-mail  conferences,  messages, 
discussion  groups,  curriculum  projects, 
and  technical  support 

—  data  base  Input,  questionnaires,  on-line 
research 

—  libraries  of  CAI  programs  and  files 
"doors"  to  miscellaneous  programs 

—  special  interest  sub-boards  and 
courses 

—  utilities 

Figure  2.  TC  Forum's  menu  structure 


First,  the  system  never  closes.  Its  operation  is  24  hours 
per  day.  Teachers  and  students  learn  when  they  want  to 
leam  and  for  as  long  as  they  want  to  learn.  The  user 
controls  the  time  schedule.  And,  because  the  TC  Forum 
model  is  not  dependent  on  per  hour  costs,  or,  in  most 
cases,  long  distant  phone  charges,  this  aspect  of  telecom- 
munications learning  is  advantageous  and  realistic  for  the 
TC  Forum  user. 

Users  work  with  many  specialists.  Isolationism  is  not 
as  great  a  problem  because  the  TC  Forum  model  allows 
for  regional,  rational,  and  international  exchange  of  ideas 
and  rnfonnation  through  open  discussion  groups  and  the 
exchange  of  computer  files  and  programs.  Users  can 
make  contacts  to  solve  problems;  "listen  in"  to  discourses, 
find  technical,  emotional  and  scholarly  support,  ask 
questions,  and  participate  in  subject  debates.  Remote 
areas  are  no  long  remote  from  an  educational  point  of 
view. 

Three  examples  illustrate  ways  in  which  special  needs 
can  easily  be  met: 

1)  TC  Forum  maintains  a  special  private  e-mail  confer- 
ence for  first  year  teachers  in  which  it  is  possible  to 
exchange  ideas  and  problems  with  each  other  and  the 
faculty  at  Teachers  College  at  the  University  of 
Nebraska  at  Lincoln. 


2)  For  experienced  teachers,  a  number  of  electronic  mail 
conferences  aimed  at  the  sharing  of  instructional 
information,  ideas,  problems  and  solutions  are 
maintained, 

3)  For  young  women  (ages  13  +/-)  who  excel  in  sciences 
but  who  live  in  c^mimunities  that  might  not  provide 
encouragement  for  their  talents,  special  conferences 
are  maintamed  that  allow  them  to  interact  with  each 
other  and  accomplished  role  models. 

Conclusions 

The  major  lesson  drawn  from  TC  Forum  experiences 
is  that  telecommunications  in  general  can  be  an  unportant 
and  unique  resource  for  the  delivery  of  educational 
training,  re-training  and  information  to  teachers  who 
normally  do  not  have  access  to  such  training  and  informa- 
tion. As  a  combined  Internet  and  modem  grassroots 
resource,  it  shnplifies  the  teleconmiunications  experience, 
makes  it  friendly,  and  localizes  it  to  meet  regional  and 
specialized  needs. 

Initial  costs  can  be  as  low  as  the  purchase  of  a  single 
microcomputer.  As  needs  increase,  the  system  can  easily 
be  expanded.  Thus,  extensive  startup  expenditures  are  not 
necessary.  Costs  can  be  kept  proportional  to  benefits. 
However,  there  are  a  number  of  technical,  administrative. 
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political,  cultural  aiKl  economic  factors  not  explored  in 
this  paper  that  must  be  taken  into  consideration  to  further 
the  use  of  telecommunications  as  an  alternative  teacher 
education  resource.  Appropriate  funding,  training, 
planning  and  technical  support  are  top  contenders  for 
attention.  Germane  tertiary  level  training  for  teachers  of 
teachers,  for  higher  education  officials  and  for  school 
administrators  are  other  important  concerns.  And  finally, 
provision  of  teleconununications  to  diverse  social  and 
econanic  populations  is  of  paramount  consideration  if  we 
do  not  wish  to  repeat  the  elite  nature  of  present  schooling. 
In  this  latter  regard,  a  combined  Internet  and  grassroots 
model  such  as  TC-Fomm  can  be  advantageous. 
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Information  technology  for 

K-12  teachiers 

Edwin  R.  Smith 
West  Virginia  University 


URALNET  is  a  project  intended  to  develop 
1^  strategies  and  materials  that  encourage  K-12 
JL      teachers  in  rural  areas  to  use  resources  available 
through  information  technology.  Based  on  the  recommen- 
dations of  selected  public  school  teachers  who  will 
comprise  an  Editorial  Board,  project  staff  will  use  the 
Internet  to  construct  an  easily  accessible  file  of  cuiticu- 
lum  materials.  Tbe  flle  of  materials,  identified  for  their 
potential  use  as  curriculum  supplements  in  K-12  class- 
rooms, will  be  placed  on  a  fileserver — the  RURALNET 
server — available  to  West  Virginia  teachers  via  West 
Virginia  Network  for  Education  Telecomputing 
(WVNET)  and  to  teachers  throughout  the  world  via  the 
Internet.  Two  features  of  the  project  will  assure  teachers* 
use  of  the  fileserver.  First,  the  project  will  provide  a  user- 
friendly  interface  between  the  server  and  the  user 
Second,  it  will  structure  a  training  process  whereby 
teachers  and  school  administrators--both  inservice  and 
preservice — can  maste.  rapidly  the  few  steps  needed  to 
access  the  RURALNET  fileserver.  Cooperating  in  the 
development  of  this  project  are  The  West  Virginia  Board 
of  Trustees  System  of  Higher  Education,  The  West 
Virginia  State  Department  of  Education  and  several  West 
Virginia  County  Public  School  Districts. 

This  project  when  completed  will  accomplish  two 
objectives: 

1 .  Create,  monitor  and  provide  a  methodology  for 
identification  and  continuous  updating  of  an  Internet 
fileserver  consisting  of  public  and  proprietary  files  of 
activities  applicable  for  K-12  school  classes.  Emphasis 
will  be  placed  on  materials  useful  for  rural  schools. 

2.  Develop  and  recommend  a  curriculum  for  both 
preservicfc  and  professional  development  training  of 
teachers  in  the  use  of  these  curriculum  supplements. 
The  emphasis  placed  on  this  fileserver  will  be  its 

applicability  to  public  schools.  It  is  through  the  use  of 
computer  networking  that  world  wide  resources  may  be 
brought  to  all  rural  parts  of  the  nation  and  such  a 
fileserver  is  especially  applicable  to  rural  states  such  as 
West  Virginia.  However,  no  restrictions  will  be  placed 
upon  access  to  this  fileserver  and  it  will  be  available  to 
both  urban  and  rural  educators. 

The  project  will  emphasize  the  materials  which  are 
currently  available  on  the  Internet  as  well  as  materials 
which  may  be  added.  Students  enrolled  in  teacher 
education  programs  as  well  as  currently  employed 
teachers  must  be  prepared  to  take  advantage  of  current 
files  and  such  initiatives  as  the  National  Research  and 
Education  Network  (NREN),  the  next  generation  of 
computer  network  technology. 

Of  equal  importance  to  the  identification  of  files  to  be 
placed  in  this  fileserver  will  be  the  development  of  a 
model  for  use  in  pre-  and  post-  teacher  trainmg  concern- 
it)g  the  availability  of  items  on  the  Internet  and  specifi- 
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cally  this  prqwsed  fileserver.  The  lack  of  adequate 
teacher  training  and  the  difficulty  of  identifying  and 
accessing  various  useful  K-12  files  remain  the  two  most 
prevalent  reasons  for  the  inadequate  use  of  this  bountiful 
resource. 

This  project  has  received  financial  support  from  the  West 
Virginia  Board  of  Trustees,  the  West  Virginia  University 
Department  of  Computer  Services  and  the  West  Virginia 
University  Office  of  the  Vice  President  for  Administra- 
tion and  Finance. 

Edwin  R.  Smith  is  ciliated  with  Education  Administra- 
tion at  West  Virginia  University  (803  Allen  Hall, 
Morgantown,  WV 26506^122). 
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KIDLINE:  Electronic 
fieldwork  in  teacher 
preparation  classes 

Susan  W.  Eskridge 
university  of  the  Pacific 


Although  most  teacher  preparation  programs 
include  an  early  course  in  which  students 
observe  in  classrooms,  it  is  difficult  to  provide 
opportunities  in  the  first  year  of  the  program  for  students 
to  interact  with  children  in  an  on-going  field  experience. 
In  an  effort  to  provide  such  an  opportunity,  and  to  begin 
helping  prospective  teachers  become  aware  of  the  uses  of 
computers  in  theu-  classrooms,  the  author  has  introduced 
"electronic  fieldwork"  in  a  children's  literature  course 
typically  taken  by  first  year  education  students. 

Students  taking  the  course  communicate  throughout 
the  semester  with  local  public  school  students  in  grades 
K-6  on  KIDLINE,  a  computer-assisted  electronic  confer- 
ence for  community  schools.  On  KIDLINE,  local  school 
students  can  communicate  with  each  other  and  with 
characters  from  the  books  they  are  currently  reading  by 
connecting  via  mod^  and  accessing  KIDLINE. 

The  software  system  used  to  enable  the  conference  is 
CAUCUS,  an  interactive  conferencing  program  created 
by  Camber-Roth  and  distributed  by  Metasystems  Design 
Group.  This  software  enables  participants  who  dial  into 
the  university  mainframe  computer  and  join  the  KIDLINE 
conference  to  read  and  respond  to  public  discussion  items 
(ideas,  questions  or  comments  put  up  by  other  partici- 
pants). They  may  also  communicate  with  any  other 
participant  in  a  "message"  that  is  private. 

University  students  are  taught  to  use  the  system  in  the 
second  session  of  the  chOdren's  literature  course. 
Throughout  the  semester,  students  may  access  the  Caucus 
system  in  any  one  of  several  on-campus  computer 
laboratories  which  have  direct  access  to  the  university 
Vax  Mail  system.  Those  who  have  computers  and 
modems  may  also  access  the  system  from  their  homes  or 
donnitory  rooms. 

Once  familiar  with  the  mechanics  of  the  conferencing 
system,  university  students  begin  their  electronic  field- 
work  by  COTMnunicating  with  the  public  school  children 
in  the  KIDLINE  conference.  They  may  interact  in  several 
ways: 

1)  by  playing  a  popular  literary  or  television  character, 

2)  by  posting  an  item  inviting  students  to  talk  to  them, 
and 

3)  by  exchanging  private  messages  with  specific  stu- 
dents. 


Usually  the  university  students  begin  by  playing  a 
character  because  they  feel  it  will  give  them  more  to  talk 
about  with  their  elementary  pen  pals.  Some  simply  choose 
a  character  that  appeals  to  them  from  a  list  of  popular 
characters  (i.e.  Winnie  the  Pooh,  Bart  Simpson,  Bilbo 
Baggins);  others  write  a  private  message  to  one  of  the 
public  school  teachers  asking  what  characters  would 
appeal  to  their  students  from  the  books  they  are  currently 
reading.  After  selecting  a  character,  the  university 
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students  post  items  on  KIDLINE  from  their  characters. 
An  example  of  such  an  item  and  some  of  the  unedited 
responses  from  the  elementary  students  follows. 

ItMn  6  30*SEP'<82  9:49  Winnie  Tlw  Pooh 
H»ilo  from  Winnte  Th#  Pooh 

Hallooo  everyone!  My  name  is  Winnie  The  Pooh.  Some  people 
call  me  Pooh  for  short  I  live  in  the  hundred  acre  wood  with  my 
friends  Eeyore,  Owl,  Piglet,  Tigger.  I  would  like  to  talk  to  some 
chiWren.  I  am  very  lonely  since  I  am  stuck  in  my  bear  hole,  and 
can't  get  out.  Somehow  the  hole  shrunk!  I  was  just  minding  my 
own  business  and  eating  some  iioney.  Now  I  can't  get  out.  My 
paws  are  stkJcy  with  honey  and  they  are  staking  to  the  key- 
board, so  I  will  lick  off  all  the  honey  and  hope  that  someone  will 
help  me  out  of  here  soon.  Won't  you  write  me?  Ta  Ta  for  Itow 
OTFN)! 
Sincerely, 
Winnie  T.  Pooh 

6:1)  T.CKnoles  School  Kids 

Hello,  my  name  is  Janie  Wagner.  I  hope  you  get  all  that  honey 
off  of  your  paws.  Once  I  was  putting  honey  on  my  bisket  and  I 
go*  some  honey  on  the  taWe.  I  tryed  to  clean  it  with  my  hand  but 
then  all  of  a  sudden  I  felt  an  itch  on  my  head  so  I  secrached  it 
not  noticing  there  was  still  honey  on  my  fingers  so  I  got  honey  in 
my  hair.  When  I  was  done  wath  brectfes  I  washed  my  hair  two 
times  with  condishiner  and  shampoo,  I  hope  you  do  better  than 
me. 

Love,  Jenie 
P,S.  write  back! 


6:2)  Kohl  School  Kids 

hi  my  name  is  Molly  and  I  hope  you  ret  out  of  the  hole,  maybe 
you  can  get  Piglet  to  tickle  you  and  pop  you  out.  Don't  eat  eny 
honey  and  get  it  on  yoursif e  again.WELL  BYE  FOR  NOW  Molly 


6:3)  Winnie  T.  Pooh 

Hi  Allison  and  Molly!  Thanks  for  writing  to  me.  I'm  glad 
someone  out  there  can  simpathize  with  my  sticky  situation.  All 
Christopher  Robin  had  to  say  was  that  I  am  a  silly  old  bear.  He 
said  that  my  hole  dW  not  shrink,  but  that  I  gained  weight  from 
eating  so  much  horiey.  I  ate  all  the  honey,  so  Christopher  Robin 
thinks  I  will  be  able  to  squeeze  out  of  here  in  a  few  days.  I  hope 
so!  I  want  to  visit  my  friend  piglet  and  see  if  he  has  some  more 
honey! 
HFN! 
Pooh 


6:7)  Presentation  School  Students 

DearWinnie  the  Pooh, 

How  are  you?  How  old  are  you?  How  are  your  friends?  Are  they 
Pigglet,  Christopher  Robin,  Tigger,  Eeyore  and  Rabbit?  My 
name  is  Marisa,  I  am  8  years  oW.  Do  you  have  a  Mom  and  a 
Dad? 


Sincerely,  Risa  Martinez 


6:10)  Winnie  T.  Pooh 

Hi  Risa!  How  are  you?  Fm  great  because  my  friends  are 
throwing  me  a  birthday  party.  I  don't  know  how  old  I  am.  I  asked 
Christopher  Robin  and  he  just  said  I  was  oH  enough  to  know 
better  than  to  eat  too  much  honey!  My  friends  Piglet,  Rabbit, 
Eyeore,  Tigger,  and  Christopher  Robin  are  all  here.  Kanga  and 
Roo  couldn't  come  because  they  all  have  the  flu.  But  Christo- 
pher Robin  is  going  to  bring  them  some  cake  anyway.  Tigger  is 
bouncing  all  over  the  place.  I  asked  him  why  he  bounces  so 
much,  and  he  saki  he  swallowed  a  couch  spring  when  he  was 
very  young.  1  don't  think  I  have  a  mom  and  dad  anymore,  and  I 
don't  remember  them,  but  I  have  good  friends.  I  tove  all  my 
friends  and  I  couWn't  possibly  say  I  like  one  more  than  another. 
They  are  all  different,  and  I  k)ve  them  all.  Do  you  have  lots  of 
f  rierxis  too? 
HFN, 
Pooh 


Another  notable  item  was  one  in  which  Bilbo  Baggins 
corresponded  with  a  student  over  an  entire  semester.  The 
student  became  so  attached  to  the  character  that  she 
couldn't  wait  to  get  back  to  school  after  summer  vacation 
to  write  to  him  again.  Following  is  an  unedited  sample  of 
their  correspondence. 

Item  64  Bilbo 

A  Greeting  from  Bilbo 

I'm  pleased  to  meet  you  young  folks.  Some  of  you 
may  have  read  my  book,  and  therefore  already  know  a  little 
about  me.  I  always  ualled  the  story  There  and  Back  Again,"  or 
"A  Hobbifs  Holiday,"  but  in  your  worid  I  think  they  just  called  it 
The  Hobbit."  Tm  not  sure  I  like  that.  It  makes  it  sound  as  if  I 
were  the  only  one!  The  only  Hobbit,  that  is. 

I'm  sony  if  I  am  wandering  a  little  bit.  You  see,  I  am 
very,  very  old.  Much  older  than  most  Hobbits.  Gandalf ,  the 
Wizard,  says  it  is  because  I  found  that  magic  ring  many  years 
ago  down  under  the  Misty  Mountains.  Gandalf  can  be  a  gkxxny 
fellow.  He  always  warned  me  not  to  use  the  ring.  He  saW  it 
wouW  have  a  bad  effect  on  me.  But  it  was  so  useful  for  certain 
things.  When  I  put  it  on,  it  nrtade  me  invisible.  I  had  some 
relatives  that  I  didn't  like,  and  when  I  saw  them  coming  to  my 
house,  I  wouW  put  on  the  ring  so  that  they  couldn't  see  me. 

Say,  do  you  know  what  hobbits  look  like?  We're  very 
small— much  smaller  than  humans.  We  stand  about  as  tall  as  an 
eight  year  old  human  child.  We  have  thfck  leathery  soles  and 
lots  of  hair  on  top  of  our  feet—we  never  have  to  wear  shoes. 

And  we  love  to  cook  and  eat  I  eat  six  times  a  day 
when  I  get  the  chance.  Last  night  I  had  roast  duck  and  fresh 
home  made  bread. 

But  I  shouHn't  just  keep  talking  without  hearing  what 
you  have  to  say.  I  suppose  you'll  want  to  hear  about  my 
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adventure,  how  I  talked  to  the  dragon  Smaug  and  helped 
restore  the  Kingdom  Under  the  Mountain  and  all  that.  What  do 
you  young  folks  like  to  talk  about? 

Your  Friend, 

Bilbo 


64:2)  Hazelton  Kids 

DearB 


64:3)  Bilbo 

Dear  Hazelton  Kids: 

How  alarming!  I  just  received  your  message  and  it 
makes  me  wonder  what  happened  to  you.  Did  a  goblin  grab  you 
from  behind  just  after  you  typed  the  letter  B?  I  do  hope  that  you 
will  be  able  to  write  to  me  and  explain.  It  wouM  make  me  very 
sad  to  learn  that  some  monster  had  eaten  you  for  dinner  or 
something  like  that.  But  then  you  don't  have  goblins  in  Califor- 
nia, do  you?  Do  you  have  dfagons?  I  heard  once  about 
something  you  have  in  California  that  sounded  a  lot  like  a 
dragon.  Hmmm,  what  was  it? 

Oh  yes,  it  is  called  an  earthquake  or  a  trembler  or  a 
tremor?  And  Tve  been  told  that  it  can  knock  a  whole  city  flat,  just 
like  a  dragon!  Have  you  ever  seen  an  earthquake  swoop  down 
out  of  the  air  and  destroy  a  city?  I  would  love  to  hear  more  about 
these  creatures.  Can  you  talk  to  them?  I  talked  to  a  dragon  once 
and  I  nearly  got  killed  for  it.  Well,  please  write  as  soon  as  you 
escape  from  where  ever  you  are  being  held  hostage. 

Your  friend, 
Bilbo. 


64:4)  Hazelton  Kids 

Dear  Bilbo, 

Hello,  my  name  is  Sara  Ann  Woolsey.  And  I  go  to 
Hazelton  School.  I  am  sorry  that  I  didn't  finish  my  letter,  but  a 
monster  like  creature  grabbed  me  from  behind.  It  had  fire  red 
scales  that  were  slimy  and  gooey.  Its  eyes  were  black  as  coals 
and  it  seemed  as  they  kxAed  right  inside  of  me!  Its  takxis  were 
long  and  curvy  and  it  hurt  when  it  pfcked  me  up!  Ouch!  Out  from 
its  snout  came  kxig  columns  of  sweet  smelling  smoke.  When  it 
breathed,  fire  came  out  and  it  tickled  my  nose.  Just  as  it  was 
about  to  eat  me,  a  heroic  teacher  named  Ms.  Sally  Jones 
rescued  me  and  killed  the  creepy  monster!  It  was  quite  an 
exciting  afternoon. 

Well,  now  that  I  have  told  you  about  what  happened  to 
me,  I  will  tell  you  a  little  about  myself.  My  hobbies  are  reading, 
writing,  drawing,  and  riding  my  roller-skates.  Roller-skates  are 
shoes  with  wheels  that  people  use  for  fun.  I  have  strawberry- 
blonde  hair  that  is  about  shoulder  length.  My  eyes  are  a  light 
brown  with  a  teeny-tiny,  super  small  amount  of  green  in  them.  I 
have  slightly  tan  skin  with  brown  freckles  across  my  nose.  My 
favorite  food  is  pizza.  Pizza  is  round  shaped  bread...that  has 


cheese  and  tomato  sauce.  You  can  put  almost  anything  on  {ho 
top  of  it  to  eat..  Pizza  is  sakJ  to  come  from  Italy,  thaf  s  another 
country.  I  kwe  the  rain.  And  purple  is  my  al  tinw  favorite  cok>r. 

Now  I  want  to  ask  you  a  few  questions.  How  dki  you 
get  here  from  middle  earth?  Are  all  dragons  mean  and  evil?  Do 
you  know  any  wizards?  Are  dwarves  nice  or  rude?  What  is  your 
favorite  hobby?  What  is  your  favorite  cotor?  What  is  your 
favorite  kind  of  food?  Tell  me  about  it!  Do  you  have  any  pets? 
What  kind  of  weather  do  you  like?  Also,  tell  me  more  about 
yourself.  Well,  I  have  to  go  now.  Rease  write  back  A.S  j\.P.  (as 
soon  as  possible)! 

Your  toyal  fan. 

Sara  Ann 


64:5)  Bilbo 
Dear  Sara  Ann: 

You  really  will  have  to  find  a  safer  place  to  write,  my 
dear.  I  got  the  shakes  just  reading  your  descriptkxi  of  the  horrid 
beast  that  was  pawing  at  you.  Is  this  Sally  Jones  who  teaches 
you  an  Ell?  If  she  is  a  mortal,  how  did  she  get  her  special 
powers  to  slay  evil  beasts? 

I  can  tell  that  you  are  a  very  clever  and  kind-hearted 
giri  because  after  frightening  me  with  the  tale  of  your  encounter 
with  the  monster,  you  decided  to  lift  my  spirits  with  a  description 
of  a  delicacy  from  your  worid.  I  pride  myself  on  my  cooking  skills 
and  I  intend  to  make  a  pizza  as  soon  as  I  can  scrape  together 
the  ingredients.  My  favorite  food  in  the  whole  wide  worid  is 
MUSHROOMS!  All  Hobbits  love  mushrooms.  Would  mush- 
rooms be  good  on  Pizza?  I  think  I  will  try  it  I'll  tell  you  the  result 
of  the  experiment  as  soon  as  possible. 

As  to  how  I  got  here,  I'm  not  quite  sure  where  here  is. 
I  am  here  in  Middle  Earth  as  I  always  have  been.  You,  obvi- 
ously, are  not.  There  are  some  things  I  don't  ask  too  many 
questk)ns  about.  All  I  can  tell  you  is  that  Gandalf  (A  marvelous 
Wizard)  knocked  on  my  door  one  day  and  said  he  wanted  to 
give  me  this  funny  little  box  called  a  Macintosh  Classfc.  He  said 
it  came  from  a  place  called  University  of  the  Pacifk:.  From 
various  hints  he  dropped,  I  gathered  that  this  University  is  a 
place  where  Wizards  are  taught  to  use  their  magk:al  powers. 
Anyway,  Gandalf  saW  that  since  I  have  a  lot  of  time  on  my 
hands,  that  I  should  write  to  wizards  and  children  and  teachers 
in  the  other  worid  where  this  University  is  located.  The 
Macintosh  Classic  is  connected  to  a  little  white  rope  that  goes 
out  my  window  and  into  the  ground  next  to  a  pine  tree  standing 
outside.  Where  the  little  white  rope  goes  after  that  is  anyone's 
guess.  Gandalf  probably  knows  but  he  got  very  rude  and  snippy 
when  I  asked  questions  about  it. 

I  used  to  think  that  Dragons  were  evi!  b*Jt  now  I  think 
that  maybe  they  are  so  big  and  powerful  that  they  do  tilings  that 
we  snrwll  folk  think  are  evil.  A  really  big  dragon  could  knaJc  an 
entire  city  fiat  with  one  acckiental  flick  of  Ws  tail!  It  is  evil  fo  us, 
but  to  the  dragon  it  is  just  an  infinitely  small  event,  somev^'hat 
like  what  happens  when  one  of  us  trips  over  an  ant  hill.  Tlie  ants 
think  it  is  evil,  but  we  just  wonder  how  we  stubbed  our  toe! 
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The  only  wizard  I  know  is  Gandalf,  and  that  is  quite 
enough  thanks!  Dwarves  can  be  both  nice  and  rude.  They  are 
nxMJtly  good-hearted  felk)ws.  They  wil  do  everything  they  can  to 
help  you  out  in  a  pinch.  But  in  day-toKiay  matters  like  discussing 
what  to  eat  for  breakfast  they  tend  to  be  very  abrupt  and  gruff. 
Dwarves  also  have  a  peculiar  tendency  to  go  into  a  frenzy  when 
they  catch  sight  of  goid  and  jewels.  Then  their  eyes  glitter  and 
they  become  very  excited. 

Cooking  and  writing  are  my  hobbies  and  my  favorite 
color  is  green  and  I  see  that  I  have  written  quite  enough  for 
today. 

Your  friend, 
Bybo 

64:7)  Hazelton  Kids 

Dear  Bilbo, 

Hello,  ifs  me,  Sara  Ann.  This  time  I  hope  that  no 
terrible  thing  will  take  me  hostage!  How  is  the  weather  where 
you  are?  Here  it  is  raining.  And  I  have  to  stay  inskte.  Oh  well;  it 
will  give  me  time  to  write  letters  on  the  computer. 

So  you  tove  nfiushrooms.  eh?  Well,  tots  of  people  love 
mushrooms  on  pizza.  You  should  try  it!  I  bet  you  would  like  it.  If 
you  try  it,  tell  me  about  it,  if  you  liked  it  or  not! 

You  asked  that  I  tell  you  a  little  about  my  rescuer,  Ms. 
Sally  Jones.  Well,  she  is  very  smart.  She  is  not  an  elf,  nor  dwarf, 
nor  wizard,  she  is  a  teacheri  A  teacher  uses  his  or  her  BRAIN 
power  against  evil  and  badness.  I  better  sign  off  before  1  get 
captured  by  weird  things  again... 
A  good  friend, 
Sara  Ann 


Although  lively,  their  letters  had  remained  fairly 
formal  during  the  first  few  months.  Sara  Ann  always 
signed  her  letters.  "Your  loyal  fan"  or  "Your  good 
friend."  She  used  a  more  familiar  closing  in  her  first  letter 
to  "Bilbo"  after  the  summer  break: 


2:2)  Hazelton  Kids 

Dear  Bilbo, 

Hello  good  friend  —  it  is  I.  Sara  Ann,  from  Hazelton 
school!  Do  you  remember  me?  I  hope  so,  since  I  certainly 
remember  you!  Well,  my  trip  to  Romania  was  a  delightful 
experience!  Meeting  new  people,  seeing  different  sights,  and 
living  tho  lifestyle  of  another  country!  Next  year  a  girl  from  New 
Zealand  (who  is  1 2  years  old)  might  come  live  with  us  for  the 
month  of  July.  Then  in  December  I  would  go  to  live  with  her  in 
New  Zealand!  How  exciting!  I  tmly  hope  I  can  go! 

What  has  happened  with  you  over  the  summer?  I 
missed  you!  I'm  glad  we're  back!  It  was  a  weird  feeling  without 
turning  on  the  computer  and  having  you  there!  But  now  we  have 
lots  more  subjects  to  write  about! 


Uh-Oh.  rd  better  go.  I  certainly  don't  want  to  be  late 
for  class!  Bye-bye! 
Love, 
Sara  Ann 


Some  university  students  feel  confident  enough  to 
correspond  with  the  elementary  school  students  without 
benefit  of  a  character  "cover."  Those  who  choose  to  do 
this  are  usually  athletes  who  think  the  youngsters  will  be 
interested  in  their  sport  The  following  item  was  posted  by 
a  member  of  the  Women's  Basketball  team.  The  item  and 
responses  are  unedited. 


item  68  Tasha  —  Basketball 

Yo!  My  name  is  Tasha.  I  am  a  member  of  the  U.O.P.  women*s 
basketball  team.  I  play  all  of  the  positions.  If  you  have  ever 
come  to  a  basketball  game.  I  am  the  person  wearing  jersey  #34. 
If  you  want  to  chat  about  basketball  or  whatever,  drop  me  a  line 
anytime.  If  you  ever  want  to  work  out,  1  am  definitely  a  gym  rat 
and  would  love  to  play  anytime.  Bye  for  now.  Hope  to  hear  from 
you! 
Tasha 

SS:1)  Stuart  School  Kids 
Dear  Tasha, 

Hi,  I  played  on  my  school  basket  ball  team. 

I  wasn't  the  M.V.P.  but  I  was  pretty  good. 

I  was  just  woundering  if  you  could  give  me  a  few  tips  on 

shooting  free  throws 

Love,  Sarah 


68:2)  Tasha 

Hey  Sarah,  shooting  free  throws  is  90%  mental,  you  have  to 
concentrate  on  the  rim  and  placing  the  ball  over  the  rim.  Your 
feet  should  be  placed  about  2  feet  apart,  but  no  wkler  than  an 
inch  outskte  of  your  shouWers.  When  holding  the  ball,  the  ball 
should  rest  on  your  fingers  and  not  the  palm  of  your  hand.  Your 
shooting  arm  should  form  an  "L"  shape  and  your  other  hand 
should  rest  lightly  on  the  ball.  Make  sure  you  bend  your  knees 
and  push  the  ball  up  and  folkw  through.  The  major  thing, 
though,  is  saying  to  yourself  every  time  as  you  step  up  to  that 
line  is— "this  shot  is  so  easy  and  it  is  going  to  hit  nothing  but 
net."  Good  luck  on  your  free  throw  shooting  let  me  know  how  it 
goes! 
TASHA. 

68:3)  Kohl  School  Kids 
Dear  Tasha, 

I  have  seen  you  play  because  I  come  to  every  game.  I  wish  I 
could  play  with  you  som  day.  Do  you  think  you  could  come  to 
cur  school? 
Danny 
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68:4)Tasha 

Hey  Danny,  the  U.OP.  main  gym  is  open  all  the  time.  It  is  great 
and  it  doesn't  get  really  crowded.  You  can  call  the  athlete 
department  and  get  the  times  that  the  gym  is  open.  I'll  usually 
be  there  and  can  play  with  you  a  while.  That  is  the  only  gym  that 
I  play  in.  I  am  not  from  Stockton  and  don't  have  a  car  so  I  try  to 
stay  close  to  campus,  but  sometimes  our  mascot,  Tommy  the 
Tiger,  takes  athletes  out  to  visit  schools.  I'll  check  that  out  for 
you.  If  he  can  bring  me  to  your  school  Til  send  you  and  your 
teacher  a  private  message  so  we  can  set  up  a  time. 
-TASHA 


68:5)  Stuart  School  Kids 

DearTasha 

Thanks  for  the  gieat  tips. 
It  really  helped  us  out  a  lot. 
Love,  Sarah 


On^^  item  that  was  popular  with  the  university  class 
and  the  local  school  childien  is  a  combination  of  *'charac- 
ter"  and  "real"  identities.  One  of  the  students  in  the 
children's  literature  class  posted  an  item  frcnn  "Book- 
worm" so  that  she  could  review  all  the  books  she  was 
reading  for  class.  She  then  started  the  responses  as 
herself,  but  occasionally  interjects  comments  from  the 
character.  Following  is  the  item  and  a  sample  of  unedited 
responses. 

Kern  4  Bookworm's  Book  Review 

Hey  everyone,  read  any  good  books  lately?  Well,  here's  the 
place  to  tell  us  about  them.  This  is  my  book  review  for  all 
students  (UOP  and  elementary)  and  teachers  too.  Tell  me  about 
your  books;  title,  author,  why  you  liked  it,  and  anything  else  you 
want  to  tell  me.  I  am  eager  to  hear  from  you  because  you  know 
how  bookwomis  are-  always  looking  for  new  and  exciting  books 
to  read!  Until  then...  keep  on  reading!! 

4:1)  Debby 

Hi  Bookworm!  I  just  read  2  books  of  Fables  that  I  found  to  be 
good.  The  first  was  "Splendid  Tales"  by  Pleasant  De  Spain.  It 
contained  fables  from  many  different  countries.  The  illustrations 
are  funny.  Two  of  the  fables  I  particularly  liked  were  The  Bear 
Who  Said  North"  and  The  Two  Wives."  The  other  book  was 
TABLES"  by  AmoW  Lobe!.  I  liked  all  of  the  fables  so  it  was  hard 
to  choose  a  favorite.  One  good  one  was  The  Bear  and  the 
Crow."  A  crow  gets  this  bear  to  believe  that  people  are  no  longer 
wearing  hats,  vests,  and  shiny  shoes.  Instead  they  are  wearing 
frying  pans,  bed  sheets  and  brown  paper  bags  as  shoes.  Td 
definitely  recommend  this  book.  BYE!! 


4:2)  T.C.Knoles  School  KkJs 

Dear  Bookworm,  Hi  my  name  is  Molly.  I  read  a  book  called  The 


Ghost  in  the  Big  Brass  Bed  by  Briice  Coville.  It  is  about  a  girt 
namesd  Nine  and  her  friend  Chris  and  their  firend  Norma  is  a 
friend  of  Pheobe  Watson .  the  daughter  of  ComeJius  Retcher,  a 
fanr)ous  artist.  Nine  and  Chris  go  lo  Pheobe*s  house  and  go  to  a 
to  a  room  and  kxik  in  the  mk)nor  and  behind  them  is  a  big  brass 
bed  and  they  saw  a  ghost  that  was  about  6  years  oki.  If  s 
spooky  and  really  good.  You  should  read  ilBye. 


4:3)  Stuart  School  KMs 

Hi  I'm  Rachel.  Let  me  tell  you  about  this  good  book  I  read.  The 
book  I  read  was  Henry  Huggins.  It  was  about  a  boy  that  found  a 
dog  and  named  him  Risby.  When  he  found  him  he  didrft  know 
how  he  would  get  him  home.  He  tried  to  get  Nm  on  the  bus  but 
the  driver  wouldrft  let  Wm  on.  Rnaly  another  bus  driver  let 
Henry  and  Risby  on  the  bus.  When  ii»  bus  started  to  move 
Risby  jumped  up  and  the  bus  was  a  zoo  because  he  knocked 
over  people's  bags  and  they  were  aH  tring  to  pick  up  their  things 
and  were  not  making  any  progress.  There's  more  to  the  story 
but  I  have  to  go  now.  Bye! 
YOUR  FRIEND,  RACHEL 


4:4)  BOOKWORM 

Thanks,  Rachel!  That  sounds  like  a  good  one! 
4:5)Uane 

Hey  bookworm,  I  read  a  wonderful  adventure  book  about  a 
family  (Mom,  Dad,  Baby,  and  two  little  brothers)  who  come  to 
America  in  the  late  1860's  and  are  on  their  way  to  their  new 
home  in  lA'nniesota!  The  book  is  written  through  the  eyes  of  the 
two  boys.  They  see  America  FOR  THE  RRST  TIME  and  they 
talk  about  their  feelings  and  their  impressions  about  it!  Great 
historical  book! 


After  posting  an  item,  university  students  are  required 
to  check  their  items  and  any  private  messages  they  have 
received  at  least  two  lo  three  times  a  week  because 
teachers  report  that  young  students  get  very  anxious  (or 
lose  interest)  if  their  messages  aren*C  answered  in  a  timely 
manner.  Although  many  older  students  (grades  5-6) 
realize  that  someone  is  playing  the  characters  with  whom 
they  are  corresponding,  teachers  report  that  their  students 
remain  excited  about  KIDLINE  and  want  to  check 
frequently  to  see  if  they  have  received  mail  from  other 
students  or  their  favorite  character. 

University  students  participating  in  KIDLINE  have 
described  their  on-line  experiences  as  beneficial  because 
it  has  given  them  new  ideas  on  ways  to  share  their 
enthusiasm  about  reading  with  children.  They  indicate 
that  the  conmiunication  with  the  elementary  students 
gives  them  a  chance  to  better  understand  how  youngsters 
in  a  wide  range  of  grades  think.  One  student  conmiented, 
"I  would  never  have  enough  time  to  go  to  schools  and  talk 
to  such  a  lot  of  different  kids.  I  have  written  to  all  ages 
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and  cultural  groups  in  KIDLINE...and  to  kids  with 
different  levels  of  achievement!"  University  students  also 
say  they  feel  more  prepared  to  use  computers  in  their  own 
classrooms.  One  said,  "I  was  terrified  of  computers  when 
this  class  started  and  dreaded  this  assignment — but  it  has 
really  been  fun...rm  asking  my  parents  for  a  computer  for 
my  birthday!" 

Susan  W,  Eskridge  is  an  Assistant  Professor  and  Director 
of  the  KIDUNE  Project  at  the  University  of  (he  Pacific, 
School  of  Education,  Stockton,  CA  9521 L 
Phone:(209)9462265:  Internet: 
SESKRIDGE®  UOP.EDU 
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Electronic  conferencing: 
Extending  discussion 
opportunities  in  teacher 
preparation  classes 

Susan  W.  Eskridge 
University  of  the  Pacific 

iVIargaret  A.  Langer 
University  of  the  Pacific 


Helping  prospective  teactiers  become  aware  of  the 
uses  of  instructional  technology  (especially 
computers)  in  education  is  an  important  goal  of 
today's  teacher  preparation  programs.  One  way  to 
famUiarize  prospective  teachers  with  technology  is  to 
provide  discrete  courses  in  the  use  or  microcomputers  in 
education  An  alternative  is  to  infuse  technology  into 
existing  courses  by  requiring  the  use  of  a  computer  in 
learning  course  content  that  is  not  specifically  focused  on 
the  computer.  Tbis  alternative  is  especially  powerful 
because  it  models  for  the  students  the  possibilities  of 
using  computers  in  a  variety  of  subject  matter  areas. 

The  typical  teacher  preparation  classroom  format 
allows  for  limited  time  for  extended  reflection  and  sharing 
on  the  many  topics  that  are  covered  in  class.  Use  of  a 
computer  with  a  telecommunications  program  can  extend 
the  opportunity  for  discussion  and  reflection  on  topics  of 
concern  from  classes  and  related  experiences.  By  writing 
about  a  subject,  the  students  have  the  qpporoinity  to  think 
more  clearly  about  it.  In  addition,  the  comments  provided 
by  students  can  enable  the  teacher  to  see  what  students  are 
thinking  and  to  better  understand  their  individual  con- 
cerns and  problems. 

The  authors  have  used  computers  in  a  variety  of 
classes  in  their  teacher  preparation  program.  This  paper 
will  discuss  two  ways  an  electronic  conferencing  system 
is  currently  being  used  at  their  institution  to  enrich  two 
teacher  preparation  courses. 

The  software  system  used  to  enable  these  procedures 
is  CAUCUS,  an  interactive  conferencing  program  aeated 
by  Camber-Roth  and  distributed  by  Metasystems  Design 
Group.  This  software  enables  participants  to  participate  in 
conferences  concerning  educational  items  in  a  public 
forum  or  a  forum  limited  to  class  members,  and  commu- 
nicate privately  with  conference  participants  on  problems 
and  issues  that  they  do  not  wish  to  discuss  in  the  public 
forum. 

The  authors  begin  by  spending  one  or  two  class 
sessions  demonstrating  to  students  tK)w  they  can  get  on- 
line and  the  mechanics  of  responding  to  and  adding  new 
items,  sending  and  receiving  messages.  These  introduc- 
tory class  sessions  usually  take  place  in  a  university 
computer  laboratory  in  which  the  computers  are  directly 
connected  to  the  university  main  frame  VAX  computer  by 
which  the  Caucus  system  is  accessed.  In  later  individual 
sessions,  students  may  access  the  Caucus  system  in  any 
one  of  several  on-campus  computer  laboratories  which 
have  direct  access  to  the  university  VAX.  They  may  also 
access  the  system  from  other  locations  using  a  telephone 
modem  and  an  appropriate  telecommunications  program. 

One  effective  method  that  the  authors  have  used  to  get 
students  acquainted  with  each  other  and  with  the  capabil- 
ity of  a  teleconmiunications  system  to  send  and  receive 
messages  is  to  have  a  "Scavenger  hunt"  early  in  the 
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course.  When  ihe  students  init'ally  log  on  to  the  system, 
they  are  directed  to  send  a  private  message  to  the  instruc- 
tor providing  two  facts  about  themselves  which  other 
students  are  unlikely  to  know.  From  those  facts  the 
iiiacructor  composes  a  scavenger  hunt  sheet  listing 
pertinent  facts  and  having  blanks  for  student  names. 
Students  are  directed  to  only  ask  other  students  for 
relevant  information  when  they  are  on  line.  The  first 
student  to  turn  in  a  sheet  (via  the  electronic  mail  system) 
with  all  names  identified  correctly  wins  a  small  prize. 

FEI 175,  Reading/Language  Arts  Development  is  a 
course  taken  by  prospective  teachers  who  have  special- 
ized in  a  single  subject  area,  and  plan  to  teach  that  one 
subject  to  several  classes  of  students,  typically  in  a  middle 
school  or  high  school.  The  focus  of  this  course  is  on 
helping  students  develop  strategies  for  using  reading  and 
writing  as  tools  to  more  effectively  learn  the  content  of 
their  particular  subject  area,  be  it  in  the  physical  sciences, 
social  sciences,  fine  arts  or  humanities.  In  FEI  175,  the 
instructor  has  set  up  an  on-line  conference  for  the  class 
members  and  typiadly  poses  a  new  discussion  item  on- 
line for  each  new  course  topic.  Students  are  encouraged  to 
respond  to  the  item  and  to  comment  as  well  on  ihe 
reactions  of  their  peers.  An  example  of  an  item  and  some 
of  their  unedited  responses  follows: 

Item  11  Peg  Langer 
Writing  to  LMm 

Describe  an  occasion  or  a  class  where  writing  has  helped  you  to 
learn  and  an  occasion  or  class  where  writing  was  assigned  but  It 
didn't  help  you  team.  What  conclusions  can  you  draw  about 
effective  teaching  practices. 


11:1)  Sally 

As  a  history  student;  I  have  had  to  write  countless  essays  and 
term  papers  (I'm  sure  Andy  can  vouch  for  this)  and  I  think  that  I 
have  learned  from  just  about  all  of  them,  especially  the  term 
papers.  As  much  as  I  hate  writing  term  papers,  they  are  one  of 
my  specialties  because  I  love  to  research.  One  particular 
instance  that  writing  has  helped  me  leam  was  in  an  assignment 
in  Politics  of  Asia,  an  upper  division  history/polysci.  class  here  at 
the  university.  The  professor  worked  with  me  to  develop  a  very 
long  (35  pages)  and  complex  paper  on  China  and  the  Gang  of 
Four.  It  took  me  the  whole  semester  and  trips  to  several 
different  libraries  to  compile,  write,  re-write,  re-write,  print,  re- 
print and  so  on  to  get  the  best  paper  I  could.  To  this  day,  I  still 
remember  most  of  the  subject  and  look  back  with  pride  at  being 
able  to  pull  it  off!  That  was  just  one  example  of  an  assignment  in 
writing  that  helped  me  leam. 

It  was  hard  for  me  to  think  of  an  example  when  I  didn't  leam 
from  writing.  The  only  one  I  can  think  of  was  in  my  high  school 
English  class  (no  offense  Joan!)  when  my  teacher  had  us  write 
sonnets.  Other  than  showing  us  how  hard  it  is  to  write  a  good 
sonnet,  I  didn't  see  a  point  in  forcing  the  whole  class  to  write 


sonnets  for  three  whole  weeks!  I  think  we  got  the  difficulty  point 
after  the  first  try!  I'm  sure  there  were  other  times  when  writing 
may  not  have  been  overly  productive  but  I  can't  think  of  any 
right  now. 


11:6)  Andrea 

Unlike  the  rest  of  you,  as  a  chem  major  I  rarely  have  to  write 
papers  (or  at  least  1  dkin't  write  many  before  this  semester!)  I 
think  one  of  the  most  useful  writing  assignments  I've  ever  done, 
was  the  research  paper  I  had  to  write  last  semester  for  P-chem. 
The  purpose  of  the  paper  was  *o  get  some  experience  writing  in 
a  format  that  is  puWishable  for  chemistry  journals.  For  this 
reason,  the  actual  subject  wasn't  as  important  as  the  format. 
Everyone  in  the  class  was  able  to  pick  a  topic  that  was  interest- 
ing and  relevant  to  them.  After  a  few  talks  with  my  Professor  I 
did  mine  on  the  mass  extinctk)n  of  the  dinosaurs,  the  voteanic 
and  meteorite  theories.  I  teamed  some  new  research  methods, 
and  how  to  write  the  proper  way  for  a  journal. 
How  many  of  you  know  how  to  write  an  abstract?  How  many  of 
you  know  what  one  is?  (1  didn't  until  1  had  to  write  one.)  My 
professor  had  each  step  of  the  process  due  at  some  point  so 
none  of  us  could  slack.  Not  throwing  the  paper  together  the 
week  before  if  s  due  helped  my  paper  a  tot.  It  was  a  really  great 
experience,  and  now  I'm  not  as  scared  of  papers  as  1  used  to 
be! 


11:8)  Dave 

During  my  juntor  year  in  college  I  was  required  to  write  a  paper 
for  my  religkxjs  studies  class.  The  class  was  called  ""Religion  in 
America."  The  paper  required  me  to  trace  the  roots  of  mine,  my 
parent's,  and  my  grandparents  religious  background.  Writing 
this  paper  was  enjoyable  because  I  had  the  opportunity  to  find 
out  a  little  about  my  family  history.  It  was  not  an  easy  paper  to 
write,  but  it  was  informative  eye-opening  for  me.  A  horrible 
writing  experience  came  to  me  when  I  was  a  sophomore  in  high 
school.  We  were  asked  to  write  a  term  paper.  None  of  us  had 
ever  written  a  term  paper  before  so  we  were  a  little  lost  as  to 
what  the  assignment  would  be  like.  Things  would  have  gone  a 
lot  smoother  for  me  if  I  had  been  given  some  more  guidance 
during  the  whole  process.  I  was  told  of  the  requirements  of  the 
paper  and  when  certain  aspects  of  it  were  due,  but  1  was  a  little 
unclear  about  how  to  go  about  finding  a  pertinent  topic.  The 
teacher  gave  us  no  clues  as  to  what  to  look  for  in  a  topk;.  1 
wouW  have  been  much  better  off  if  the  teacher  had  just  told  me 
to  write  about  something  controversial  whfch  effected  my  life. 
This  wouW  have  given  me  enough  information  to  get  going  in 
the  right  direction.  Needless  to  say,  I  changed  topics  about  three 
times  before  eventually  writini  on  something  like:  "Jim  Morrison- 
Alive  or  Dead." 


11:10)  Robert 

Writing  was  difficult  for  me  in  high  school,  but  it  was  always  a 
satisfying  experience  as  well.  Perhaps  one  of  my  most  reward- 
ing writing  experiences  came  in  my  Sentor  English  class,  a  class 
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for  which  we  had  to  do  writing  of  one  form  or  another  almost 
every  night.  The  assignment  was  a  definition  paper,  and  my 
topic  was  love.  In  other  words,  I  was  to  define  love  in  a  four 
page  paper.  I  went  into  the  assignment  with  great  enthusiasm, 
because  love  was  something  I  valued  very  much  and  had 
thought  a  lot  about;  love,  I  believed,  was  the  very  foundation  of 
my  faith  and  life.  But  after  writing  the  paper  and  receiving  my 
teacher's  feedback,  I  was  very  disappointed.  My  teacher  lore 
my  paper  apart",  though  he  did  so  in  a  very  gently  way. 
Basically,  my  teacher  infomied  me  that  my  paper  was  full  of 
clich6s,  and  that  much  of  the  logic  I  had  used  was  not  communi- 
cated cleariy  in  the  format  or  language  of  the  paper.  This  was 
quite  a  blow;  I  was  a  fairiy  confident  writer,  ard  I  was  writing 
about  a  subject  that  was  important  to  me.  But,  in  the  end,  my 
teacher's  feedback  was  invaluable.  Not  only  did  he  help  me  to 
see  that  I  needed  to  think  rwre  deeply  about  many  of  the  things 
that  are  important  to  nrw,  but  he  encouraged  me  to  try  to 
develop  writing  skills  that  wouW  p'Jow  me  to  communicate  my 
thoughts  in  a  coherent,  effective  way.  He  helped  me  to  not  only 
become  a  better  writer,  but  a  deeper  thinker  as  well. 
I  have  not  had  too  many  1)ad"  experiences  with  writing,  though 
it  often  requires  a  great  deal  of  discipline  and  work.  The  only 
time  I  don't  enjoy  writing  is  when  I  aish  an  assignment  in  order 
to  meet  a  deadline  and  neglect  the  thinking  and  planning  that 
good  writing  requires.  Students  should  be  given  ample  time  to 
ttiink  about  their  topfc,  their  audience,  and  their  plan  or  format 
when  given  a  writing  assignment.  Secondary  students  would 
benefit  from  instruction,  rrxxieling,  and  encouragement  at  every 
stage  of  the  writing  task. 


11:11)Edwaixi 

The  class  that  I  learned  most  from  through  writirig  was  a  health 
class  here  at  the  University.  Our  teacher  was  very  knowledge- 
able but  he  had  a  tough  time  getting  his  ideas  across  to  the 
students.  He  required  many  writing  assignments  that  I  benefited 

from  greatly.  He  provided  us  with  guidelines  to  follow  The 

writing  assignments  not  only  helped  me  understand  the  content 
in  the  classroom,  but  they  also  helped  me  understand  myself 
better.  I  began  to  understand  my  body  better  and  what  I  needed 
to  do  to  maintain  good  health.  I  learned  nothing  from  my  writing 
assignments  in  my  high  school  history  and  govemment  classes. 
My  teachers  did  not  provkie  proper  gukjelines  to  follow.  More 
importantly  they  did  not  help  us  with  writing.  They  didrft  let  us 
know  what  they  were  looking  for.  The  time  I  spent  writing  the 
papers  was  wasted  time.  I  learned  nothing  about  the  writing 
process,  and  nothing  about  the  content  material  my  teachers 
wanted  me  to.  I  conclude  that  if  a  teacher  v^ants  his/her  students 
to  be  engaged  in  writing  assignments  that  they  have  to  do  a 
good  job  of  explaining.  They  need  to  let  their  students  know 
what  they  are  looking  for  in  the  paper.  Provide  for  the  students  a 
guideline  to  follow.  This  will  benefit  the  writers  a  great  deal.  We, 
as  teachers  must  be  there  for  assistance  for  the  students.  In 
order  for  students  to  enjoy  writing,  we  must  make  the  process 
understandable  and  exciting. 


A  second  course,  FEI 135,  Reading/Language  Arts 
Development  is  a  course  taken  by  prospective  elementary 
teachers.  The  focus  of  this  course  is  on  helping  students 
develop  strategies  for  diiectiy  teaching  reading  and 
writing.  In  FEI  135,  the  instructor  has  set  up  a  similar  on- 
line conference  for  extended  discussion  of  class  topics.  In 
addition,  students  use  the  conference  to  keep  a  running 
log  about  the  field  work  they  are  doing  for  the  course.  The 
field  work  item  and  some  of  the  unedited  responses 
follow: 

Item  8  Sue  Eskrklge 
Field  Wori(«2  Assignment 

I  got  a  note  from  Kathleen  after  she  visited  Kohl  School,  where 
she  win  do  her  fieki  work,  that  was  really  interesting.  I  have 
decided  to  post  it  for  all  of  you  to  see...and  to  change  the 
assignment  slightly.  I  would  like  you  to  keep  your  k)g  on  Reld 
Experience  2  in  this  item.  After  each  visit,  please  describe  (and 
assess)  your  visit  here  rather  than  in  a  written  \og,  I  think  this  will 
be  helpful  because  everyone  will  be  able  to  share  in  your 
successes,  your  feelings  about  what  you  are  doing,  and  how 
you  might  do  a  lesson  differently  if  you  could  repeat  it.  I  will 
check  off  weekly  entries,  so  you  will  not  need  to  include  the 
printed  log  when  you  turn  in  your  field  assignn>ent . 


8:1)  Kathleen 

SUBJECT:  Just  a  note  about  Kohl  School 
I  just  spent  the  most  fantastic  morning  at  Kohl  School!  Though  I 
anived  at  8:30  am  with  the  intention  of  spending  an  hour  getting 
acquainted  with  students  for  my  fieWwork  assignment,  I  didn't 
actually  leave  until  almost  1  pm  L...I  arranged  to  work  with 
students  from  Jane's  first,  second,  and  third  grade  class.  I  also 
had  the  opportunity  to  meet  the  ENTIRE  faculty,  and  observe 
ALL  the  classrooms  where  I  witnessed  whole  language  and  an 
integrated  cum'culum  in  the  works!!!  I  can't  say  enough  about 
what  a  dynamk;  environment  Kohl  provides!  Not  only  am  I 
looking  fonvard  to  working  there,  but  I  can  tell  it  will  be  an 
invaluable  teaming  experience  for  voe  as  well!  Jane  told  me  I 
can  do  anything  I  want  in  her  classroom.  She  is  going  to  help 
me  incorporate  my  ideas  into  a  teaching  unit  which  encom- 
passes most  of  the  teaming  objectives  mentioned  in  your 
assignment!  I  just  had  to  share  all  this  with  you!  Good-bye  for 
now. 


8:12)  Sisouat 

I  taught  two  lessons  last  week  in  Cleveland  school,  I  worked 
with  six  Cambodian  students,  and  they  were  in  second  grade. 
My  first  reading  lesson  was  about  the  shadow.  These  six 
students  were  at  the  lowest  reading  level.  Mrs.  Ling  woukl  like 
me  to  work  with  them  because  they  did  not  understand  English 
well.  I  read  the  story  with  them  line  by  line.  I  wrote  vocabula7 
words  on  the  blackboard  so  that  they  can  see  the  letters  of 
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those  words.  The  words  were:  shines;  shining;  shade;  shadow; 
and  dark.  I  asked  the  students  to  read  them  with  me.  Next,  I  had 
them  take  turns  reading  the  story  by  characters.  After  they 
finished  reading  the  story,  1  asked  them  questk)ns  to  check  Iheir 
comprehension.  The  students  were  very  good  in  answering  the 
questions.  Afterward,  each  student  was  given  a  work  sheet  and 
they  were  to  fHI  in  the  blanks  with  the  appropriate  words  tha: 
were  listed  on  the  board.  I  read  each  cantence  and  let  them  give 
me  the  vocabulary  word  which  they  thought  made  sense.  I 
found  out  that  they  had  a  hard  lime  recognizing  the  sound  ot  the 
beginning  cluster  such  as  W  and  ^....We  had  fun  together, 
and  we  will  read  another  story  on  tiie  next  Monday. 


8:17)  Darlene 

I  have  five  third  grade  giris  in  my  reading  group.  I  feel  fortunate 
that  I  already  know  a  majority  of  the  gir<s  because  1  am  teaching 
out  of  my  home  with  my  sister  and  her  neighborhood  friends.  I 
was  really  nervous  before  my  first  lesson,  because  I  wasn't  sure 
how  excited  the  girls  were  going  to  be;  but  the  girls  were  filled 
with  exc»lement....l  first  started  by  telling  them  a  little  bit  about 
my  overall  goals  for  the  next  several  weeks.  I  wanted  them  to 
feel  comfortable  on  this  first  day  so  I  had  several  books  for  the 
girls  to  choose  from  that  they  wanted  me  to  read.  I  read  two 
short  books.  The  July  Bear"  and  *The  Hating  Book."  After,  each 
book  we  discussed  a  little  about  their  likes  and  dislikes  of  the 
stories  and  how  they  couki  relate  to  the  characters.  After  we 
were  done  reading  t  had  the  giris  make  their  WORD  BANKS. 
They  loved  them!  I  supplied  the  containers  and  allowed  them  to 
decorate  them  with  stk)kers  crayons  and  pens.  We  then  put  in 
three  new  words  we  learned  from  the  stories  we  had  just  read.  I 
know  they  enjoyed  the  WORD  BANKS  because  I  talked  to  many 
of  the  parents  a  week  later  and  they  kept  commenting  on  what  a 
cute  idea  the  WORD  BANKS  were.  From  now  on  the  girls  are  to 
bring  their  WORD  BANKS  every  week  and  we  are  going  to  play 
various  games  with  them  at  the  end  of  each  lesson.  I  really 
enjoyed  teaching  my  first  lesson.  It  was  challenging  since  many 
of  the  girls  already  knew  me;  I  had  to  make  sure  that  they  were 
staying  on  task  on  not  just  using  the  time  to  visit.  I'm  looking 
forward  to  teaching  my  next  lesson. 


8:21)  Chelsea 

I  went  to  Kohl  school  and  met  Tiffany  and  her  3-4-5-  grade 
class.  I  must  say  that  they  are  very  cod  and  so  is  the  rest  of  the 
school!  Anyway,  after  talking  with  her  we  decided  I  woukJ  work 
with  a  group  on  putting  together  a  book  on  Indians,  I  was  very 
stoked  and  couldn't  wait  to  go  back.  On  Monday  I  went  back 
and  she  set  up  a  group  of  six  kids  for  me  to  work  with,  all  at 
different  levels  of  reading  and  writing  capabilities.  We  broke  this 
group  into  2  smaller  groups  and  I  read  each  group  an  Indian 
legerxl  (The  Legend  of  the  Bluebonnets"  and  The  Legend  of 
the  Paintbrush")  and  u    we  outlined  the  story  together  so  they 
could  rewrite  the  story  for  me  to  put  in  the  book.  The  first  group 
really  got  into  the  story  from  the  beginning  so  I  was  feeling 
pretty  good  as  I  took  on  the  second  group.  Group  number  2 


came  and  just  sat  there  arxi  looked  at  me!  Not  quite  pank)king 
totally,  I  just  started  reading  and  then  set  about  getting  them  to 
help  me  outline.  As  soon  as  I  started  asking  them  about  the 
legend-  whocsh  —  watch  out!  These  guys  just  busted  out  and 
took  off!  It  was  so  cool!  Tomorrow  Tm  going  back  to  help  them 
finish  up  their  stories  and  I  think  next  week  we  are  going  to  start 
inonlrxiian  poet^. 

8:46)  12-NOV-92 17:06  Michelle 
Last  Thursday,    ::  9r  29th,  we  worked  on  a  word  map  and 
completed  our  sw     was  a  very  rainy  day  and  they  had  no 
electricity.  Also,  they  had  a  substitute.  The  kids  were  very  hyper 
and  the  sub  looked  like  a  lost  puppy.  We  had  no  lights  and  I  had 
a  bad  headache,  so  the  lesson  didn't  go  as  well  as  I  woukl  have 
liked.  We  did  a  word  map  with  the  word  "^ce".  The  boys 
weren't  really  interested  in  this  as  much  as  the  girls  were.  The 
boys  tended  to  joke  around  more.  The  giris  were  more  serious. 
Since,  I  wasn't  feeling  well,  I  just  let  it  go.  But,  I  know  now  that  I 
should  have  tried  to  pull  them  all  in  a  little  harder.  OthenA/ise,  I 
got  some  great  input  and  the  kids  put  some  thought  into  it. 
Then,  we  finished  our  story.  We  had  two  chapters  and  they  got 
bored  with  it.  So,  they  ended  it  But,  it  turned  out  pretty  well.  All 
in  all,  considering  the  circumstances,  it  wasn't  so  bad.. 

8:47  Sue  Eskridge 

Michelle,  what  do  you  think  you  could  have  done  to  pull  the 
students  all  in? 

8:48)  Michelle 

I  think  if  I  had  taken  more  time  to  individually  q'  •estkxi  the  boys 
with  specific  questions  about  their  thoughts  on  "  .wcept  of 
'"peace"  it  would  have  been  better.  Today  it  did  go  better.... 

Feedback  from  students  indicates  that  they  find  the 
teleconferencing  both  fun  and  helpfuL  Following  are 
some  typical  comments. 

Item  15  Peg  Langer 

Improving  Teaching  Effectiveness 

...add  a  few  comments  regarding  your  reactbns  to  wortdng  with 

the  teleccmmunications  networi<  this  semester. 


15:4)  Sally 

I  think  it  is  a  great  idea— I  have  met  sonne  new  people  and  it  has 
provided  me  with  a  great  way  to  get  in  touch  with  certain  hard  to 
reach  people  (like  Dr.  Eskridge)--it  has  also  saved  paper  since 
we  wouW  have  done  all  of  this  in  learning  logs— I  have  really 
enjoyed  using  this! 


15:24)  Jennifer 

This  has  really  been  fun!  It  has  helped  me  to  thinK  through 
things  more  and  se^aing  what  everyone  else  is  doing  is  interest- 
ing. Gives  me  a  bt  of  ideas.  Also,  I  was  really  a  blank  about 
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conputers  before  this-now  I  feel  like  I  know  a  lot  and  will  be 
able  to  use  them  when  I  teach. 

15:25)  Mark 

I  like  using  the  coniputer  to  stay  in  touch  because  I  can  always 
log  on  a  few  minutes  and  get  psyched  up  reading  about  what  is 
happening.  I  get  good  ideas  and  it's  really  easy  now  that  my 
roommate  and  I  have  a  modenv-l  can  do  it  from  my  room  any 
time !  want!  I  plan  to  stay  on  (if  possible)  when  I  student  teach. 


Student  feedback  confirms  that  use  of  a  computer- 
assisted  conferencing  system  in  prc-service  teacher 
education  classes  is  appealing  to  prospective  teachers. 
The  confsrcncing  allows  for  more  extensive  and  thought- 
ful sharing  of  ideas  than  is  possible  within  the  typical  time 
frame  of  classes.  Using  computers  instead  of  individual 
logs  or  journals  allows  students  to  share  ideas  with  peers 
in  a  meaningful  manner  as  opposc<l  to  merely  recording 
events  for  the  insU\ictor.  Furthermore,  students  who  have 
participated  in  computer  conferences  in  their  teacher 
preparation  courccwork  will  be  more  prepared  to  use 
computers  in  their  own  classrooms  and  will  have  ideas  on 
how  to  infuse  technology  into  the  curriculum. 

Susan  W,  Eskridge  is  an  Assistant  Professor  at  the 
University  of  the  Pacific,  Scliool  of  Education,  Stockton, 
CA  95211.  Phone:  (209)  946-2265;  internet: 
SESKRlDGE@UOP,EDU 

Margaret  A.  Longer  is  an  Associate  Professor  at  tlw 
University  of  the  Pacific,  School  of  Education,  Stockton, 
CA  95211.  Phone:  (209)  946-2336;  Internet: 
MLANGER®  UOP.EDU 
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911  for  student  teachers 

Mary  Ella  Lowe 
Stephen  F.  Austin  State  University 


Teaching  is  a  demanding  task.  It  is  especially 
difficult  during  student  teaching  and  initial 
practice.  In  an  effort  to  assist  students  in  making 
the  transition  from  novice  to  experienced  professional, 
"Dial-a-Teacher**  was  implemented.  This  was  a  computer 
network  that  linked  student  teachers  with  elementary 
education  professors  by  electronic  mail.  The  system  was 
implemented  in  the  Fall  of  1991  and  continued  throughout 
the  Spring  of  1992  with  different  schools  and  student 
teachers. 

The  majority  of  our  student  teachers  are  placed  in 
public  schools  geographically  distant  from  the  university 
and  it  is  quite  coounon  for  a  school  to  have  only  one  or 
two  student  teachers  at  the  same  time.  This  isolates  these 
students  from  other  student  teachers  as  well  as  the 
university.  "Dial-a-Teacher**  provided  extended  contact 
and  support  in  an  effort  to  increase  student  teacher  morale 
and  confidence. 

The  participants  in  this  project  were  48  preservice 
teachers  in  seven  different  school  districts.  Those  districts 
outside  the  immediate  university  area  that  had  the  largest 
numbers  of  student  teachers  were  invited  to  participate. 
All  were  enthusiastic  in  agreeing  to  be  a  part  of  the 
project.  One  elementary  school  was  identified  by  the 
district  as  the  host  school  where  equipment  would  be 
available  for  student  teacher  use  of  "Dial-a-Teacher." 


Program  Design 

The  necessary  equipment  needed  to  make  the  system 
operational  in  each  school  consisted  of  a  computer,a 
telephone,  and  2400  baud  internal  modem.  The  university 
provided  the  modems  and  assistance  with  their  installa- 
tion. The  computer  used  in  the  Elementary  Education 
Department  was  a  Packard-Bell  XT  design,  MS-DOS. 
Software  selected  for  the  program  was  Mustang 
Software's  WILE>CAT  system.  This  was  chosen  because 
of  its  features:  multiple  levels  of  access  security,  ease  of 
initial  set  up,  its  ability  to  fully  customize  the  interface 
and  menu  screens,  and  the  level  of  technical  support 
offered  from  Mustang  Software. 

Since  all  elementary  sr^idents  are  required  to  take  a 
computer  course  as  part  of  their  general  education 
program,  it  was  decided  that  no  computer  training  is 
necessary  for  the  participants.  Orientation  to  the  program 
was  scheduled  in  two-hour  sessions  over  a  course  of  three 
days.  These  sessions  consisted  of  explanations  and  the 
basics  involved  in  using  "Dial-a-Teacher,"  Each  campus 
required  a  slightly  different  procedure  to  gain  access  to 
the  program  due  to  the  variety  of  computers  used.  A 
detailed  guide  was  developed  that  included  each  unique 
entry.  This  was  given  to  each  participant  and  placed  at 
each  computer  terminal. 

A  letter  explaining  "Dial-a-Teacher"  was  sent  to  each 
supervising  teacher  assigned  a  student  teacher.  The  letter 


672  T^hnctogy  and  Toach^r  Education  Annual  —  1993 


ERIC 


explained  the  project  and  asked  them  to  encourage  the 
student  to  use  the  system  at  times  that  would  not  conflict 
with  their  observation  and  teaching  responsibilities.  These 
times  were  after  school,  during  lunch  time,  music  or 
physical  education. 

The  main  menu  of  the  system  allowed  the  students  to 
make  selections  depending  upon  their  need.  They  could 
choose  to  send  or  read  messages,  check  the  files  or  view 
the  calender  of  university  and  community  events.  Stu- 
dents were  able  to  communicate  with  faculty  and  their 
university  supervisors  through  me.  This  meant  the 
expertise  of  many  professionals  was  as  near  as  the 
telephone.  This  made  it  possible  to  answer  requests  for 
assistance  by  the  next  day,  if  not  earlier.  Students  could 
also  send  messages  to  other  student  teachers  in  the 
project. 

Files  were  available  for  the  subject  areas  Reading  and 
Language  Arts,  Social  Smdies,  Science  and  Math.  These 
contained  a  variety  of  lesson  plan  ideas  for  various  grade 
levels.  T?<ere  was  also  a  file  of  classroom  management 
ideas  that  ranged  from  behavior  modification  to  assertive 
discipline. 

Many  of  the  messages  received  from  the  student 
teachers  requested  help  with  lesson  plan  ideas  on  specific 
topics  or  certain  kinds  of  individual  discipline  jH^oblems. 
There  was  also  a  request  of  where  to  find  or  how  to  make 
a  type  of  modeling  clay  smdents  could  mold  by  hand. 
Some  unexpect'^  •  and  very  special  messages  told  us  how 
much  they  "loved  teaching."  that  they  passed  the  ExCET 
exam,  and  they  had  a  job!  It  was  always  exciting  when 
they  logged  on  to  the  system  just  to  say  "hello"  and  that 
things  were  going  well. 

Results 

Just  as  all  new  ventures  have  problems,  "Dial-a- 
Teacher*'  had  its  share.  Due  to  unfore^/^en  technical  and 
mechanical  problems,  the  project  was  not  completely 
operational  at  all  sites  for  the  length  of  time  originally 
planned.  Who  could  have  anticipated  that  rain  would 
create  so  much  static  in  a  telephone  line  in  a  rural  school 
that  the  computer  messages  would  be  garbled  until  the 
line  has  time  to  dry?  In  spite  of  this,  student  response  was 
exceptionally  favorable.  Some  comments  from  a  follow- 
up  questionnaire  in  response  to  the  question  of  benefits  to 
student  teachers  were  as  follows: 
1 .  "You  do  not  feel  so  alone." 
?  "Lesson  plans,  security,  research." 

3.  "I  knew  there  was  help  when  needed." 

4.  "Just  a  shoulder  to  lean  on  and  knowing  a  helping 
hand  was  available  was  nice." 

5.  "A  link  with  the  university  and  the  calendar  of  events 
at  the  touch  of  a  button." 

6.  "Access  to  the  University  and  all  of  its  resources." 


These  participants  obviously  found  the  computer 
network  user  friendly  and  comforting. 

Recommendations: 

A  follow-up  survey  asked  students  for  their  recom- 
mendations. The  major  one  was  to  have  a  computer, 
modem  and  telephone  link-up  at  each  school  that  had 
student  teachers.  Traveling  to  another  site  after  school 
proved  to  be  inconvenient  and  limited  usage  of  the  system 
as  most  schools  are  vacated  and  locked  by  4:00  PM.  This 
fact  had  not  been  considered  in  the  original  planning. 

Another  suggestion  was  to  have  more  initial  instruc- 
tion and  "hands-on"  practice  in  the  use  of  "Dial-a- 
Teacher."  Only  half  of  the  participants  felt  the  required 
computer  course  they  had  taken  was  sufficient  to  prepare 
them  in  using  the  computer.  They  did  not  see  themselves 
as  being  computer  literate  after  taking  the  course. 

The  student  teachers  also  said  the  availability  of  a 
printer  would  be  ^preciated.  It  takes  time  that  preservice 
teachers  do  not  have  to  copy  information  from  the 
computer  screen. 

Eighty-one  percent  of  the  participants  said  they  would 
like  to  be  able  to  communicate  directly  with  other  student 
teachers  and  all  of  them  said  they  would  definitely  use  a 
similar  system  if  available  to  them  as  a  beginning  teacher. 
Seventy-two  percent  of  the  225  {M'eservice  teachers  who 
were  not  involved  in  the  project  said  they  would  have 
used  the  system  had  it  be3n  available  to  them. 

Providing  assistance  and  support  to  students  in 
partnership  with  the  public  schools  was  the  purpose  of 
this  telecommunications  system.  However,  there  were 
also  positive  outcomes  for  the  elementary  education 
department  These  included: 

1 .  Increasing  faculty  awareness  of  student  teacher 
concerns. 

2.  Supplying  information  for  departmental  curriculum 
needs. 

3.  Providing  necessary  data  for  evaluating  the 
department's  preservice  preparation  program. 

4.  Providing  experimentation  with  the  use  of  technology 
for  teacher  preparation  for  the  enhancement  of 
students'  chances  for  success  and  future  professional 
growth. 

5.  Providing  the  vehicle  by  which  this  university  could 
move  into  the  state  mandated  "induction  year"  for 
beginning  teachers. 

Discussion: 

This  overwhelming  suRwrtof  "Dial-a-Teacher" 
signifies  there  is  a  need  for  jM'ograms  of  this  nature  in 
teacher  preparation  programs.  Students  have  greater 
confidence  in  teaching  because  of  added  support  from 
faculty  and  this  improves  teacher  effectiveness  and 
chances  for  future  success  and  professional  growth. 
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Telecommunications  can  provide  these  beginning 
teachers  educational  opportunities  not  previously  possible 
(Schnim,  L.,  1992).  It  can  also  make  the  transition  from 
novice  to  professional  much  easier.  Increasing  numbers  of 
computer  network  projects  that  connect  student  teachers 
or  beginning  teachers  with  university  sites  are  emerging 
as  network  teciinologies  mature  (Brooks  and  Kopp, 
1989). 

Teacher  educators  have  a  professional  responsibility 
to  experiment  systematically  with  applying  existing  and 
emerging  technologies  to  teacher  training  if  preservice 
teachers  are  to  be  successfiil  in  the  21st  century.  Senate 
Bill  994,  passed  by  the  70th  Texas  Legislature,  requires 
"universities  to  be  partners  with  public  schools"  in 
providing  induction  programs  for  beginning  teachers.  It  is 
also  probable  that  with  the  increased  contact  and  support 
of  the  university  ajid  the  public  schools  during  the 
preservice  as  well  as  the  induction  year,  the  statistic  that 
thirty  percent  of  beginning  teachers  leave  during  the  first 
two  years  of  teaching  and  more  than  fifty  percent  leave 
during  their  first  four  years  (TEA,  1989)  will  no  longer 
hold  true.  We  simply  cannot  afford  to  lose  these  capable 
and  effective  teachers  for  our  children — they  are  our 
future. 

Mary  Ella  Lowe  is  affiliated  with  Stephen  F.  Austin  State 
University  at  Nacogdoches,  Texas, 
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Introduction 

Technology  has  become  an  integral  part  of  most 
teacher  education  programs.  Yet,  the  student 
teaching  experience  provides  a  unique  challenge 
in  the  area  of  technology  integration.  Many  student 
teachers  experience  a  sense  of  isolation  as  they  leave  the 
university  environment  and  begin  their  field  experience. 
Not  only  do  students  leave  the  familiar  surroundings  of 
the  university  campus,  but  they  are  no  longer  in  direct 
contact  with  peers  or  faculty  that  might  serve  as  a 
resource  during  their  student  teaching  experience. 

At  Gonzaga  University  a  pilot  project  is  underway  that 
will  utilize  electronic  mail  as  a  conduit  for  communica- 
tions among  and  between  student  teachers,  university 
supervisors,  teacher  education  faculty,  and  participating 
classroom  teachers. 

Clearly  there  are  numerous  aspect/dimensions  to  a 
special  education  student  teaching  experience.  We  have 
chosen  four  of  these  for  examination  in  this  study.  These 
dimensions  of  the  student  teaching  experience  were 
chosen  based  on  their  systemic  impact  on  the  teaching 
experience.  The  variables  chosen  were: 

1.  anxiety  in  student  teaching 

2.  confidence  in  the  use  of  technology 

3.  self-efficacy  in  special  education  student  teaching 

4.  reflective  thinking  in  special  education  student 
teaching 


It  is  hoped,  as  this  project  gets  underway,  there  will  be 
a  decrease  of  anxiety  in  student  teaching,  and  an  increase 
in  confidence  in  the  use  of  technology,  self-efficacy  in 
special  education  student  teaching,  and  reflective  thinking 
in  special  education  student  teaching. 

Ctioractoristics  of  \he  Special  Education  Student 
Teoching  Experience 

Student  teachers  experience  many  challenges  as  they 
leave  the  university  and  head  for  the  classroom  in  which 
they  now  will  have  many  responsibilities.  Student 
teachers  are  aware  of  the  leap  they  make  from  university 
to  the  classroom  and  have  concerns  about  their  competen- 
cies in  many  areas  of  student  teaching.  "For  student 
teachers,  lowest  self-competence  ratings  were  given  to 
knowledge  of  specialists,  procedures,  and  referral  sources 
for  exceptional  students,  skills  for  working  with  parents, 
understanding  of  standardized  test  data  on  cumulative 
records,  and  knowledge  of  school  law"  (Dastoli,  1987). 
The  areas  of  concern  for  student  teachers  are  clearly  areas 
in  which  tlie  special  education  student  teacher  will  need  to 
function  effectively  from  the  beginning  of  the  student 
teaching  experience.  Special  education  student  teachers 
must  be  competent  in  many  areas,  mcluding:  "assessment, 
planning,  instruction,  behavior  management,  consulting, 
and  administrative  skills"  (Gable,  1992),  Encouragingly, 
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Peterson  &  Hudson  (1989)  found  that  inaeased  collabo- 
ration, communication  and  support  among  the  parties 
involved  in  the  student  teaching  experience,  "helped 
ensure  that  students  would  spply  recently  learned  skills  to 
classroom  settings  "  The  incorporation  of  electronic  mail 
is  believed  to  have  potential  for  facilitating  increased 
collaboration,  communication  and  support  among  those 
involved  in  the  student  teaching  experience.  New  ap- 
proaches to  structuring  special  education  student  teacher 
experiences  have  begun  to  emerge  (Shea,  1990)  that  focus 
on  examining  the  roles  of  all  those  involved.  The 
incorporation  of  technology  clearly  has  the  potential  to 
facilitate  many  positive  outcomes  of  student  teaching, 
especially  in  special  education. 

Reflection  in  Student  Teaching 

Reflective  thinking  in  the  student  teaching  experience 
is  an  important  component  of  "enhancing  the  student 
teaching  experience  as  a  shared  occasion  for  personal  and 
professional  growth"  (Krutilla  &  Safford,  1990).  Many 
efforts  are  underway  to  provide  opportunities  for  reflec- 
tion in  student  teaching,  (jrippin  (1990)  incorporated  a 
weekly  seminar  in  which  students  were  taught  about 
reflection.  These  students  then  were  required,  as  a  part  of 
the  student  teaching  experience,  to  "reflect  upon  readings, 
structured  observations  of  practicing  teachers,  and  their 
own  planning  for  teaching"  (Grippin,  1^).  The  findings 
of  Grippin  indicate  that  reflection  in  the  student  teaching 
experience  can  be  seen  as  a  "vehicle"  for  educational 
change  and  growth.  A  different  study,  in  which  "five 
special  education  student  teachers  and  their  cooperating 
teachers  maintained  weekly  journals  reflecting  upon 
successive,  prescribed  themes"  (Krutilla,  1990)  illustrated 
that  a  structured  opportunity  for  reflection  does  indeed 
enhance  desired  outcomes  associated  with  thinking  and 
reflecting  on  the  teaching  experience.  Requiring  student 
teachers  to  engage  in  reflective  thought  was  also  exam- 
ined by  Pugach  (1990).  The  student  teachers  in  this 
project  were  required  to  engage  in  structured,  explicit 
self-monitoring  as  a  mechanism  to  enhance  reflective 
thinking  about  teaching.  Pugach  believed  that  it  was 
"essential  for  student  teachers  to  be  placed  in  a  position  of 
having  to  reflect  on  problems  of  practice  which  are  of 
current  concern  to  them"  and  that  this  reflection  through 
self-monitoring  enhanced  the  practice  of  reflective  student 
teaching.  In  this  study,  it  is  believed  that  the  positive 
outcomes  found  in  other  rCvSearch  will  be  evident  here  as 
well,  through  the  use  of  training  in  reflective  thinking  and 
the  use  of  electronic  mail  logs  for  structured  reflective 
thinking. 

Self-Efficacy  in  Student  Teaching 

As  special  education  student  teachers  approach  and 
engage  in  the  student  teaching  experience,  their  self- 


efficacy  as  a  student  teacher  will  have  a  significant  impact 
on  their  motivation,  goal  setting,  learning  and  ad^ng  to 
this  new  experience.  "Self -efficacy  refers  to  perscnnal 
judgmenii  of  performance  capabilities  in  a  given  domain 
of  activity  ...  and  heightened  self-efficacy  enhances 
motivated  learning  or  motivation  to  acquire  knowledge 
and  skills"  (Schunk,  1984).  Self-efficacy  is  also  closely 
tied  to  the  goals  that  leanvers  set  for  themselves 
(Zimmerman,  Bandura,  &  Martinez-Pons,  1992).  As 
individuals  come  to  believe  they  can  accomplish  goals 
they  have  set  for  themselves,  motivation  to  pursue  the 
goal  and  persist  in  the  task  is  heightened.  If  however,  a 
learner  has  little  belief  in  his/her  ability  to  attain  a  goal, 
then  motivation  decreases.  "Perceived  self-efficacy 
influences  the  level  of  goal  challenge  people  set  for 
themselves,  the  amount  of  effort  they  immobilize,  and 
their  persistence  in  the  face  of  difficulties."  (Zinunerman, 
Bandura,  &  Martintez-Pons,  1992).  Clearly,  heightened 
self-efficacy  is  a  desired  cotulition  in  student  teaching. 

Additional  positive  outcomes  of  heightened  self- 
efficacy  in  a  teacher  include  a  more  humanistic  orienta- 
tion to  the  learners  (Woolfolk,  1990),  an  increased  abOity 
to  appropriately  influence  students  (Chester,  1991), 
increased  confidence  in  abilities  and  mcreased  satisfaction 
in  teaching  (Kemis  &  Warren,  1991),  and  greater  abilities 
to  react  confrontively  (rather  than  permissively)  to 
studen'^  when  necessary  (Korevaar,  1990).  Various 
approaches  to  enhancing  student  teacher  self-efficacy 
include  cognitive  modeling  and  conununication  with 
colleagues  about  self-efficacy  (GcmtcU  &  Capron,  1990), 
cooperative  learning,  role  models,  and  computer  US'" 
(Ramey-Gassert  &  Shroyer,  1992).  The  project  underway 
seeks  to  enhance  the  self-efficacy  of  special  education 
student  teachers  in  pursuit  of  many  positive  outcomes, 
some  of  which  are  presented  above.  Through  increased 
communication,  support,  and  information  exchange  via 
the  electronic  mail  system,  it  is  expected  that  the  partici- 
pants' self-efficacy  in  special  education  student  teaching 
will  be  enhanced. 

Anxiety  in  student  teactiing 

There  exist  many  areas  in  which  student  teachers 
experience  concerns  and  anxiety.  These  include:  "rela- 
tionships with  supervisory  personnel,  conditions  in  the 
student  tea^'  lng  setting,  student  achievement,  assignment 
to  student  teaching,  tune,  and  adequacy  of  preparation  and 
classroom  management"  (Morris  &  Chissom,  1978). 
Sinclair  and  Nicoll  (1980)  found  thav  student  teachers  in 
their  study  experienced  anxiety  associated  with:  " 
fulfilling  expectations,  relating  to  pupOs,  relating  to 
cooperating  teachers  and  supervisors,  and  achieving 
lesson  goals".  They  also  found  that  anxiety  is  most 
commonly  found  just  prior  to  student  teaching  or  when 
situations  arise  in  which  the  student  teacher  feels  insecure 
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or  inadequate.  Anxiety  is  clearly  associated  with  a 
decreased  ability  to  learn  and  function  at  an  optimal  level 
(Covington  &  Omelich,  1987).  One  explanation  for  this 
phenonvenon  offered  by  Tobias  (1979)  is  that  of  interfer- 
ence. Tobias  stresses  that  the  anxious  individual  must 
devote  a  large  portion  of  their  cognitive  and  affective 
resources  to  managing  their  anxiety  rather  than  concen- 
trating on  the  task  at  hand.  We  certainly  do  not  want 
student  teachers  lo  be  distracted  from  their  woric  by 
anxiety  associated  with  the  many  challenges  of  student 
teaching.  Research  focusing  on  the  reduction  of  anxiety  in 
student  teaching  indicates  that  anxiety  does  seem  to 
decrease  across  the  span  of  the  student  teaching  experi- 
ence, but  for  the  student  teacher  to  have  the  support  of 
colleagues  and  communication  with  them  is  helpful 
(Gilroy  &  Moody,  1976;  Pigge  &  Marso,  1987)^  Having 
regular,  easy  access  (via  electronic  mail)  to  other  special 
education  student  teachers  and  university  supervisors  may 
reduce  anxiety  through  the  mechanism  of  enhanced 
support  for  the  student  teacher.  This  is  an  anticipated 
outcome  for  the  participants  in  this  study. 

Confidence  with  Technology 

A  number  of  research  studies  have  examined  the 
attitudinal  components  that  contribute  to  the  effective  use 
of  technology  in  the  classroom  (Loyd  &  (jressard,  1984; 
Kinzie  &  Delcourt,  1991;  Violato,  C,  1989;  Koohang.  A., 
1989;  Bean,  B,  1988).  A  factor  consistently  examined  in 
each  of  these  studies  involves  the  teacher's,  or  student 
teacher's,  confidence  in  their  use  of  the  technology  or  in 
the  technology  itself.  Thus,  the  primary  attitudinal  factor 
examined  in  this  study  will  be  computer  confidence. 

According  to  Kinzie  &  Delcourt  (1991)  and  Poage 
(1991)  computer  confidence  can  be  influenced  by 
experience  with  the  technology,  therefore  the  continuous 
use  of  electronic  mail  is  expected  to  influence  the 
confidence  of  the  student  teachers. 

Methods 

Subjects 

The  participants  for  this  project  were  selected  from  a 
population  of  26  potential  candidates,  all  student  teachers 
in  the  Spring  of  1993  from  the  Department  of  Special 
Education.  The  exploratory  nature  of  the  study  and  the 
funding  constraints  at  this  initial  stage  of  the  project 
unfortunately  precluded  the  inclusion  of  all  26.  As  a  result 
of  this,  ten  student-teachers  were  selected  as  subjects  for 
this  study  on  the  basis  of  the  following  criteria: 

a)  Interest  in  participating 

b)  Student  perception  of  value  of  the  study 

c)  Either  experience  with  e-mail  or  willingness  to  be 
trained  in  the  use  of  e-mail. 


Data  Sources 

E>ata  will  be  collected  from  multiple  sources.  These 
include: 

1 .  Computer  confidence  data.  This  data  will  be  collected 
via  The  Computer  Confidence  Scale,  (Poage,  1991). 
Selected  items  fi-om  this  scale  will  be  used  to  generate 
a  computer  confidence  index.  This  index  will  be  used 
as  an  indicator  of  the  student  teacher's  confidence  in 
the  use  of  electronic  mail.  Example  items  to  be  used 
include: 

a)  I  know  enough  about  computers  to  fix  problems  as 
they  arise. 

b)  If  the  ccMnputer  doesn't  work  I  would  run  and  find 
someone  to  help  me. 

2.  Self-efficacy  in  student  teaching  data^  This  data  will  be 
collected  via  a  set  of  items  generated  according  to 
Bandura's  model  of  self-efficacy  (Zimmerman, 
Bandura,  &  Martinez-Pons,  1992).  Sample  items  for 
measuring  self-efficacy  in  student  teaching  are: 

a)  How'vell  can  you  adapt  your  instnictk)nalol]jectives  to 
match  the  eo^ging  needs  of  your  students  ? 

b)  How  well  can  you  motivate  your  learners  to 
actively  participate  in  class? 

3.  Anxiety  in  student  teaching  data^  Data  will  be  col- 
lected via  a  set  of  items  generated  from  the  Worry 
subscale  of  tixTest  Anxiety  Inventory  (Spielberger, 
Gonzalez,  Taylw,  Ross,  &  Anton,  1977).  Sample 
items  fcH*  measuring  anxiety  are: 

a)  I  worry  about  making  mistakes  in  student  teach- 
ing. 

b)  I  have  trouble  making  up  my  mind  while  I  am 
student  teaching. 

4.  Reflective  thinking  data.  The  reflective  thinking  data 
will  be  collected  through  analysis  of  student  e-mail 
logs.  The  data  will  be  analyzed  according  to  the 
following  categories: 

a)  Reflection  on  lesson  plans 

b)  Reflection  on  the  content/subject  matter  knowl- 
edge 

c)  Reflection  on  teaching  strategies 

d)  Reflection  on  anxiety  and  stress  in  teaching. 

The  university  supervisor's  e-mail  communications  to 
the  student-teacher  will  be  analyzed  as  well.  Two  types 
of  additional  data  will  be : 

a)  University  supervisors  observations  and 

b)  Master  teacher  midterm  and  final  evaluations  of 
the  student-teachers. 

This  information  will  be  used  as  a  means  of  cross- 
validating  the  findings  of  the  study. 
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Initial  data  on  computer  confidence,  anxiety,  and  self- 
efficacy  in  studenr  teaching  will  be  gathered  prior  to  the 
beginning  of  the  training  session.  Then,  a  training  session 
will  be  held  prior  to  the  start  of  the  student  teaching 
experience.  During  the  training  session,  the  following  will 
be  addressed: 

1 .  The  student  teachers  will  be  instructed  in  the  use  of  the 
e-mail  system. 

2.  Guidelines  for  reflective  thinking  and  use  of  the  e-mail 
log  for  documenting  their  reflection  will  be  provided 
for  the  student  teacheis.  These  guidelines  will  include 
reflecting  on  and  vmting  about  questions  such  as: 

a)  What  happened  this  week  (day)  that  worked  well? 
Why? 

b)  What  am  I  proud  of  in  my  teaching?  Why? 

c)  What  happened  this  week  (day)  that  did  not  work  as 
planned?  Why? 

d)  What  did  I  learn  that  will  help  me  to  be  a  better 
teacher? 

e)  List  one  specific  area  that  needs  work.  What  can  I  do 
to  work  on  this  area? 

f)  What  are  some  questions  I'd  like  to  ask  others? 

g)  What  have  I  learned  about  myself  in  m/  student 
teaching? 

At  the  end  of  the  trainmg  session,  the  student  teachers 
will  again  respond  to  the  items  addressing  computer 
confidence,  and  anxiety.  During  the  student  teaching 
period,  the  participants  will  be  asked  to  read  their  e-mail 
everyday  and  respond  as  often  as  they  are  able  or  see  a 
need.  Once  a  week,  the  student  teachers  will  respond  to 
the  reflective  thinking  questions  provided  to  them  during 
the  training  session.  Throughout  the  student  teaching 
period,  the  data  from  the  logs  will  be  analyzed  and 
communication  with  the  student  teachers  will  incorporate 
this  information.  This  will  allow  the  university  supervisor 
to  engage  in  better  informed  ccxnmunication  with  the 
student  teachers.  It  can  be  imagined  that  there  will  be 
common  and  unique  concerns  on  behalf  of  the  student 
teachers  and  that  these  will  be  reflected  in  the  e-mail  logs. 
Those  of  a  unique  nature  can  most  appropriately  be  dealt 
with  privately,  and  the  common  concerns  can  be  dealt 
with  publicly  on  the  netwoik  of  the  e-mail  users. 

At  the  end  of  the  student  teachir.g  experience,  the 
participants  will  be  asked  to  respond  again  to  tlie  mea- 
sures of  computer  confidence,  anxiety,  and  self-efficacy 
in  student  teaching. 

Data  Treatment 

The  data  collected  on  the  items  for  computer  confi- 
dence, anxiety,  and  self -efficacy  in  student  teaching  will 
be  analyzed  quantitatively  (repeated  measures  ANOVA). 

The  data  from  the  student  e-mail  logs  will  be  content 


analyzed  by  three  researchers.  The  level  of  agreement 
among  the  researchers  doing  the  analysis  will  be  exam- 
ined. The  content  analysis  will  focus  on  the  previously 
described  reflective  thinking  categories. 

Expected  Results 

It  is  anticipated  that  after  participation  m  this  study, 
the  student  teachers  will  experience  the  following: 

a)  A  reduction  in  anxiety  associated  with  student 
teaching 

b)  An  increase  in  computer  confidence  associated  with 
using  e-mail  as  a  means  of  communicating  with 
colleagues  and  documenting  reflective  thought. 

c)  An  increase  in  self-efficacy  in  student  teaching. 

d)  An  increase  in  willingness  to  reflect  on  situations  and 
issues  involved  in  teaching  and  to  approach  these 
situations  in  better  ways. 

Student  teachers  who  enrolled  in  the  program  will  be 
more  aware  of  problems  which  arise  in  tiie  practice  of 
teaching.  These  problems  may  mclude: 

a)  focusing  student  attention  on  the  subject 

b)  appropriate  pacing  of  mstruction 

c)  the  need  for  specific  instructions 

d)  consistent  discipline 

e)  lack  of  motivation  to  learn  among  some  students 

By  using  e-mail,  we  imagine  that  student  teachers  will 
be  more  willing  to  ask  how  they  might  do  tilings  differ- 
enUy  than  they  might  have  done  otherwise.  Through  the 
use  of  e-mail,  the  student  teachers  may  be  more  able  to 
consider  alternative  approaches  to  the  handling  of 
challenging  situations.  They  will  also  be  more  likely  to 
share  their  experiences  with  others  and  to  benefit  from 
being  not  only  the  giver,  but  also  the  receiver  of  informa- 
tion. This  increased  exposure  to  tiie  student  teaching 
experience  through  e-mail  may  result  in  the  student 
teachers  employing  a  wider  variety  of  teaching  strategies 
than  they  might  on  their  own. 
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1h«  Problem 

The  professional  isolation  of  educators  has  long 
been  a  problem.  Dan  Lortie  describes  the  "egg 
crate**  natuie  of  teaching,  referring  to  the  fact  that 
typically,  teachers  are  isolated  in  their  classrooms  and 
have  little  opportunity  for  interaction  with  other  teachers 
and  experts  in  their  fiel<ls  (Lortie,  1975).  Supporting 
Lortie's  findings.  Goodlad  (1983)  reports  that  teachers  are 
generally  confined  to  their  classrooms  and  are  unable  to 
converse  with  other  educators  about  problems  or  con- 
cerns. 

The  isolation  problem  is  particularly  acute  for  new 
teachers.  Many  times,  the  new  teachers  are  hesitant  to  ask 
the  experienced  teaches  for  help  and  the  veteran  teachers 
are  reluctant  to  offer  their  assistance  (Nev  berry,  1978). 
Usually,  it  is  difficult  for  these  first  year  teachers  to 
communicate  with  the  people  who  have  trained  them  in 
the  university.  Thus,  beginning  teachers  are  often  left  to 
solve  problems  on  thrlr  own.  Lortie  (1975)  attacks  the 
abrupt  u-ansition  into  teaching  when  he  states,  "compared 
with  the  crafts,  professions  and  highly  skilled  trades, 
arrangements  for  mediated  entry  are  primitive  in  teach- 
ing." 

Recently,  a  number  of  colleges  and  universities 
around  the  country  have  attempted  to  address  the  problem 
of  isolation  of  new  teachers  by  establishing  computer 
networks  that  link  experienced  educators  at  universities 
and  in  classrooms  with  beginning  teachers.  The  experi- 
enced educators  on  the  systems  act  as  mentors  for  the 
beginning  teachers  by  providing  support  and  offering 
guidance  on  topics  of  concern.  The  beginning  teachers 
can  also  communicate  with  each  other  and  discuss  shared 
problems  or  concerns.  Ideally,  the  networks  are  designed 
to  act  as  support  systems  for  beginning  educators. 

PLUTO  International  Networking  (Kurshan,  1991)  is 
one  example  of  such  a  network.  It  connects  teachers 
trainers,  student  teachers,  and  inservice  teachers  in  ten 
European  countries. 

While  current  student  teacher  networks  may  enhance 
the  guidance  student  teachers  receive  from  their  supervi- 
sors and  promote  greater  peer  conununicadon.  Levin, 
Kim,  and  Riel  (1990)  specifically  explwe  the  use  of 
electronic  message  systems  for  teleapprenticeship.  Most 
educational  activities  rely  on  face-to-face  communication. 
Face-to-face  interactions  generally  follow  a  simple  pattern 
of  teacher  initiated  question,  followed  by  student  re- 
spoiise,  and  end  with  teacher  evaluation;  however, 
message  analysis  of  CMC  produces  much  more  complex 
patterns  of  initiation,  response,  and  evaluation.  Levin  et 
al,  suggest  2q)prenticeship  is  one  educational  activity  that 
models  the  interaction  patterns  occurring  in  CMC. 
Consequently,  teleapprenticeship,  instruction  occurring 
on-line  while  students  are  in  the  target  domain,  should 
nourish  in  this  new  instructional  medium. 
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Several  studies  attempt  to  isolate  factors  contributing 
to  the  success  or  failure  of  electronic  networks.  Maddux. 
(1991)  suggests  networks  suffering  from  the  Everest 
syndrome,  teleconununications  for  telecommunication's 
sake,  risk  early  extinction  when  the  practical  problems 
pk»2uing  all  networks  surface. 

Riel  and  Levin  (1990)  examined  the  participant 
structures  of  successful  and  unsuccessful  university, 
teacher,  and  student  centered  networks.  The  participant 
structures  characterizing  successful  teacher  communica- 
tion are  the  most  pertinent  to  this  paper.  They  looked  at 
three  networks  for  teachers,  one  successful  and  two 
unsuccessful.  They  concluded,  "Networking  can  provide  a 
means  for  teacher  learning  and  teacher  development,  but 
placing  the  technology  in  the  hands  of  teachers  is  not 
likely  to  be  enough."  (p.  156).  Teacher  networks  con- 
structed around  the  following  elements  are  most  likely  to 
succeed: 

1.  Conventional  means  of  communicating,  (face-to-face, 
phone,  mail)  must  be  viewed  by  the  participants  as 
inefficient  for  group  interaction. 

2.  A  goal  or  task  needs  to  be  shared  by  the  group. 

3.  A  coordinator  needs  to  take  the  responsibility  of 
facilitating  the  interactions. 

Feenberg  and  Belhnan  (1990),  like  Riel  and  Levin, 
stress  the  importance  of  addressing  the  needs  of  the 
participants  in  the  design  of  a  successful  network.  The 
power  and  complexity  of  the  software  used  to  access  the 
network  must  by  geared  to  the  needs  and  proficiency  of 
the  participating  group.  Supportive  documentation  and 
training  must  produce  users  confident  in  their  ability  to 
access  and  tap  the  power  of  the  network.  Conference 
architecture  needs  to  accurately  reflect  group  interests  and 
skilled  moderators  need  to  effectively  coordinate  confer- 
ence participants  toward  a  goal. 

Although  electronic  networking  appears  to  be  an 
obvious  solution  for  many  of  the  professional  communi- 
cation problems  of  new  teachers,  many  networks  con- 
structed for  this  purpose  have  failed.  There  is  a  need  for 
studies  characterizing  the  use  of  such  systems  so  that 
systems  may  be  designed  and  updated  with  users*  needs, 
habits  and  desires  in  mind. 

Objectives 

The  objective  of  this  study  was  to  describe  usage 
patterns  of  an  electronic  conmiunication  system  designed 
to  facilitate  professional  conamunication  fo*-  new  educa- 
tors and  to  determine  if  this  use  does  benefit  the  induction 
process  for  this  group.  The  study  is  descriptive  in  nature. 

Methods 

The  College  of  Education  at  Iowa  State  University  is 
currently  pilot  testing  thiee  electronic  network  systems 


for  educators  and  has  been  gathering  data  on  the  use  of 
these  systems.  The  initial  system  was  established  in  Fall, 
1988  and  is  designed  for  student  teachers  from  the 
university.  On  this  system,  student  teachers  can  ccMmnuni- 
cate  with  other  student  teachers,  Iowa  State  faculty,  and 
experienced  teachers.  A  similar  system  was  set  up 
simultaneously  for  first  year  superintendents  in  Iowa;  this 
system  includes  the  fu^t  year  superintendents,  Iowa  State 
faculty  in  Educational  Administration  and  selected 
experienced  superintendents.  In  the  Fall  of  1989,  selected 
fu'st  year  teachers  in  Iowa  schools  were  added  to  the 
existing  student  teacher  system.  Similarly,  new  student 
teachers  are  given  instruction  and  added  to  the  system 
each  semester  and  fu^st  year  teachers  are  added  each  fall. 
In  May,  1992,  there  were  approximately  172  active  users 
on  the  system. 

In  addition  to  connecting  new  educators  with  faculty 
expertise,  the  network  is  designed  to  make  experienced 
classroom  teachers  available  to  the  novices.  The  three- 
pronged  approach  is  designed  to  help  link  College  of 
Education  faculty  to  the  world  of  practice,  as  well  as  to 
make  their  expertise  available  to  new  educators.  Ideally, 
faculty,  experienced  teachers  and  new  teachers  aU  have 
the  opportunity  to  interact  on  areas  of  concern  for  the  new 
teachers.  Certaitily,  each  participant  in  such  a  discussion 
should  be  learning  from  the  perspective  of  the  other. 

A  system  q)erator  works  20  hours  per  week  to 
maintain  the  system,  ensure  that  messages  are  answered 
and  train  new  users  of  the  system.  In  addition,  the  system 
operator  initiates  conferences  for  special  interest  groups 
on  the  system. 

Data  for  the  study  were  collected  over  the  1991-92 
academic  year  and  will  continue  to  be  collected  each 
semester  of  the  1992-1993  academic  year.  Data  were  and 
will  continue  to  be  collected  from  the  system  log  and 
from  questionnaires  administered  to  student  teachers  and 
fu-st  year  teacher  users  of  the  system.  There  were  152 
elementary  and  secondary  teachers  using  the  system 
during  the  1991-1992  academic  year;  approximately  the 
same  number  of  users  will  be  include  in  the  first 
semester  1992-1993  group. 

Preliminary  Resutts 

Since  the  study  remains  in  progress,  results  summa- 
rized here  are  preluninary  and  subject  to  modification  as 
new  data  are  collected. 

In  general,  users  were  positive  about  the  system  and 
indicated  a  desire  to  use  the  system  the  following  year. 
New  educators,  faculty  members  and  experienced 
teachers  cited  oppo  jnities  for  professional  communica- 
tions and  connections  as  the  most  useful  aspects  of  the 
system. 

Student  teachers  who  had  supervisors  on  the  system 
were  more  likely  to  use  the  system  than  student  teachers 
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who  had  supervisors  who  were  not  on  the  system  and/or 
did  not  use  the  system  frequently.  Student  teachers  who 
had  supervisors  who  used  the  system  frequently  also  had 
significantly  more  positive  attitudes  toward  technology 
use  in  classrooms  after  their  experiences  than  before  the 
system. 

Previous  computer  background  is  a  strong  predictor  of 
the  amount  of  use  a  student  will  make  of  the  system. 
Heavy  users  of  the  system  differ  significantly  from  light 
users  on  this  dimension. 

The  average  system  user  calls  the  system  about  once  a 
week  and  remains  on  for  about  9  minutes.  Peak  usage 
times  are  from  3:00  p.m.-  5:00  in  the  afternoon  and  from 
10:00  to  1 1:00  at  night.  Fu-st-year  teachers  and  student 
teachers  interact  most  frequently  with  each  other  and  the 
second  most  frequent  interactions  are  between  the  new 
teachers  and  Iowa  Stale  University  College  of  Education 
faculty. 

The  most  common  topic  of  communication  for  the 
new  teachers  was  on  general  educational  issues,  followed 
by  technology  issues  and  classroom  management  issues. 
Specific  curriculum  issues  were  the  least  frequent  topic. 
The  most  common  topic  for  student  teachers  was  schedul- 
ing of  meeting  times  with  supervisors. 

System  use  was  the  heaviest  in  the  middle  part  of  the 
week  and  lightest  on  weekends.  During  a  weekday,  use 
was  heaviest  before  and  after  school  and  in  the  evening 
between  8:00  and  11:00. 

Private  messages  outnumbered  public  messages  by  a 
ratio  of  1-8;  use  of  public  messages  increased,  however, 
as  each  group  of  new  users  became  more  experienced  on 
the  system  and  as  the  system  operator  generated  topics 
and  conferences  in  this  area. 

Significance 

Data  from  this  study  provide  infmnation  on  use 
patterns  for  an  electronic  communication  network 
designed  for  student  teachers  and  fu-st  year  teachers.  This 
information  should  be  valuable  for  researchers  attempting 
to  understand  evolving  uses  of  such  systems  and  for 
educators  currently  establishing  and  implementing  these 
systems. 

Some  of  the  results  reported  here  provide  direction  for 
possible  interventions  to  facilitate  the  use  of  these  systems 
to  encourage  professional  conmiunications  opportunities 
for  new  educators.  Results  suggest  that  new  teachers  were 
most  comfortable  using  the  system  to  communicate  with 
each  other.  Interventions  to  encourage  interactions  with 
more  experienced  educators  should  be  implemented  and 
studied. 

Although  public  mail  offers  possibilities  for  more 
group  interaction  and  a  different  type  of  conununication, 
our  results  indicate  that  this  type  of  conununication 
requires  some  basic  experience  on  the  system  and 


intervention  on  the  part  of  the  system  operators.  The 
public  mail  capabilities  of  the  system  offer  a  different 
type  of  communication  for  users,  but  users  need  encour- 
agement and  support  to  learn  to  use  this  capability. 

It  is  interesting  to  note  that  the  least  freeuent  topic  of 
communication  for  the  new  educators  was  specific 
classroom  curriculum  issues;  one  of  the  major  reasons  for 
creating  such  a  network  is  to  provide  support  for  begin- 
ning teachers  in  this  area,  yet  it  seems  evident  that  some 
intervention  is  necessary  to  make  this  topic  a  vital  part  of 
the  system.  It  is  also  possible  that  more  sophisticated  and 
content-oriented  discussions  will  occur  on  the  system  as 
users  become  more  experienced. 

For  the  student  teachers,  the  involvement  of  iheu" 
supervisors  on  the  system  was  a  significant  factor 
influencing  their  own  use  of  the  system.  The  students  who 
had  supervisors  who  were  active  users  of  the  system  also 
showed  a  significant  increase  in  attitude  toward  the 
importance  of  technology  in  education  after  their  student 
teaching  experience. 

It  seems  clear  that  electronic  communication  networks 
offer  possibilities  for  improving  the  professional  commu- 
nication possibilities  for  classroom  teachers  and  teacher 
educators;  it  is  equally  clear  that  researchers  need  to 
understand  evolving  use  of  these  conununication  systems 
in  order  to  maximize  the  potential  of  the  communication 
possibilities.  Our  data  indicate  that  specific  interventions 
are  necessary  to  maximize  potential  capabilities  of  an 
electronic  communication  system  for  teachers. 
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Introduction 

In  our  highly  technological  infonnation  age,  many 
skills,  abilities,  and  points  of  view  are  needed  in  order 
to  accomplish  the  task  of  educating  students  for  the 
next  century.  Students  need  to  icani  bow  to  collaborate, 
find  solutions  to  problems,  analyze  information,  and 
communicate  their  ideas  effectively  to  others.  Project 
INSITE  provides  opportunities  for  students  to  share 
inleidiscipiinary  projects,  designed  cooperatively  by 
teachers  and  scientists,  to  improve  critical  thinking, 
problem  solving,  and  conununication  skills. 

Project  INSrre  is  a  five  year  $500,000  grant  funded 
by  the  National  Science  Foundation  and  the  Indiana 
Department  of  Education  to  improve  science  education 
through     integration  of  information  technologies  in 
grades  three  through  twelve.  INSITE  is  a  partnership  of 
seven  Indiana  school  districts,  the  Indianapolis  Zoo,  the 
Indiana  Cooperative  Library  Services  Authority 
(INCOLS A),  DIALOG  Information  Services,  Inc.,  and 
scientists  from  Lilly  Research  Laboratories,  Marion 
Merrell  Dow  Research  Institute,  and  Purdue  University, 
The  project  focuses,  specifically  in  on-line  retrieval, 
electronic  mail  and  electronic  bulletin  boards.  Over  200 
teachers  and  approximately  12,000  students  are  involved 
in  the  project. 

The  five  key  elements  to  the  success  of  this  project 
are:  school  district  commitment  to  the  process,  teacher 
inservice,  curriculum  development,  ongoing  technical  and 
insUTictional  support,  and  the  active  participation  of 
scientists. 

Toocher  Irvservico 

Technology  can  dramatically  enhance  the  instnictional 
process  if  teachers  are  made  aware  of  the  possibilities, 
leam  how  to  use  the  technology  effectively  and  cre- 
atively, have  the  instructional  materials  needed  to 
integrate  the  technologies,  and  are  given  the  support  to 
effectively  implement  their  ideas.  Teachers  must  first 
have  a  true  understanding  the  technology  they  will  be 
using.  Project  INSITE  has  created  a  comprehensive  two- 
week  teacher  training  program  involving  basic  on-line 
education,  staff  development,  and  the  creation  of  curricu- 
lum materials.  Initial  training  focuses  on  the  basic 
technical  skills  relating  to  the  use  of  computers,  modems, 
and  teleconmiunications  software.  Teachers  then  leam 
how  to  conduct  on-line  searches,  mail  messages  electroni- 
cally, and  post  and  receive  messages  on  an  electronic 
bulletin  board.  Major  emphasis  is  placed  on  the  under- 
standing of  the  search  process,  the  types  of  databases 
included  in  CLASSMATE,  and  how  IDEAnet  is  used  to 
connect  with  scientists.  To  assist  potential  adoption  sites, 
the  project  has  created  a  twenty  page  teacher  inservice 
manual  that  outlines  a  step-by-step  process  for  conducting 
the  training. 


ERLC 


684  Technology  and  Teocher  Education  Annual  —  1 993 

6^7 


Project  INSITC  bas  developed  an  effective  inservice 
model  which  provides  new  teachers  to  the  project  with 
basic  technical  skills;  gives  them  a  philosophical  and 
instructional  basis  for  the  use  of  information  technologies; 
aiKi  assists  teachers  in  creating  student  projects  which 
focus  on  real  w  Id  issues  and  include  a  link  to  outside 
sources,  namely  scientists,  on-line  database  services,  and 
other  students.  Concomitant  with  the  inservice  model  is 
the  development  of  an  articulated  integrated  science 
curriculum  which  provides  students  with  the  opportunity 
to  participate  in  real  hands-on  science;  gives  students 
access  to  information  technologies;  incorporates  a 
learning  environment  that  encourages  exploration, 
collaboration,  and  experimentation;  and  provides  students 
with  the  opportunity  to  establish  a  rapport  willi  practicing 
scientists. 

Cuniculum  Dovaiopment 

Acquiring  basic  technical  skills  gives  teachers  the 
ability  to  begin  planning  how  they  will  apply  telecommu- 
nications in  their  classrooms  in  order  to  sup|x)rt  student 
acquisition  of  science  process  and  content  skills.  Beyond 
technical  skills  is  the  cntical  need  for  teachers  to  under- 
stand the  importance  of  infomniation  [X'ocessing  (acquir- 
ing, analyzing,  using,  evaluating,  and  combining  data)  as 
a  necessary  skill  lof  the  21  st  century.  Once  the  technical 
skills  are  learned,  teachers  can  begin  to  gain  a  conccpiual 
understanding  of  how  information  technologies  can  be 
effectively  and  creatively  integrated  into  their  classrooms 
to  support  and  expand  the  curriculum.  Teachers  begin  to 
see  how  llieir  students  can  use  the  technology  to  reach 
beyond  ihe  traditional  school  boundaries  to  acquire 
information  and  share  their  thoughts  with  others.  As  a  part 
of  the  inservice  training,  teachers  develop  a  series  of 
comprehensive  student  projects  which  have  as  their 
foundation  the  use  cf  infonnation  technologies.  The 
private  sector  partners,  which  include  scientists  f:om  Lilly 
and  Marion  Merrell  Dow,  are  an  integral  component  of 
this  inservice.  During  the  past  three  years,  the  participants 
have  created  over  75  student  projects  which  employ  on- 
line database  searching,  focus  on  societal  issues,  incorpo- 
rate collaborative  inter-school  activities  and  include 
substantive  contacts  with  scientists. 

Technical  and  Instructional  Support 

Technical  training  and  materials  development  are  only 
the  beginning.  It  is  essential  that  teachers  have  the  support 
necessary  to  try  new  ideas  and  use  unfamiliar  technolo- 
gies. A  large  number  of  teacher  workshops  do  not  have  a 
major  impact  due  to  a  lack  of  support  once  the  teachers 
return  to  the  classroom.  Small  technical  problems  become 
large  nightmares  which  are  impossible  for  the  novice  to 
solve.  Teachers  return  to  the  path  of  least  resistance  and 
much  of  what  was  learned  is  not  put  into  practice.  To 


ensure  against  this.  Project  INSIIE  ha  built  in  an 
extensive  support  system  which  includes  ongoing 
training,  routine  visits  to  classrooms,  and  an  electronic 
link  to  technical  and  curricular  experts.  Teachers  are 
visited  on  a  regular  basis  and  are  kept  abreast  of  project 
activities  through  a  project-wide  newsletter.  Giving 
teachers  this  support  mechanism  bas  gready  increased  the 
overall  success  of  the  project. 

Porticipotion  of  Scientists 

Many  teachers  are  overwhelmed  with  the  amount  of 
available  scientific  data,  the  enormous  advances  taking 
place  on  a  daily  basis,  and  the  need  for  their  students  to 
become  scientifically  literate.  Two  database  services 
(CLASSMATE  and  IDEAnet)  provide  an  opportunity  for 
students  to  acquire  new  and  pertinent  information  and  to 
communicate  with  individuals  who  are  involved  in 
various  fields  of  science.  Scientists  from  Lilly  Research 
Laboratories  and  Marion  Merrell  Dow  Research  Institute 
assist  teachers  as  they  aeate  student  projects.  As  those 
projects  are  implemented,  students  conduct  experiments 
with  students  in  other  schools,  share  and  evaluate  data, 
contact  scientists  for  assistance  or  respx)nd  to  questions 
posed  by  scientists,  and  conduct  on-line  research  on  real 
world  issues  and  topics. 

A  major  thrust  of  the  project  is  to  provide  students 
with  a  viable  communications  link  which  can  be  used  to 
share  their  experiences,  piv)v2de  support,  and  expand  their 
horizons.  Students  are  given  a  better  understanding  of 
how  science  works  and  what  is  involved  in  various 
science  occupations.  Scientists  play  a  key  role  by  provid- 
ing insights  into  what  it  is  that  scientists  do,  providing 
infonnation  on  new  research,  guiding  students  in  planning 
experiments,  and  acting  as  mentors  to  both  teachers  and 
students. 

The  combination  of  education,  support,  connectivity, 
and  ability  to  seaich  vast  quantities  of  information  for 
almost  any  conceivable  topic  brings  new  hope  \o  t&schers 
for  developing  classrooms  which  are  responsive  to  the 
needs  of  students  in  the  information  age.  Torou^^h  contact 
with  scientists  and  other  students,  telecommunications  has 
the  potential  to  instill  a  sense  of  wonder  and  desiie  for 
exploration  and  discovery,  promote  a  pro-active  student 
learning  process,  and  expand  the  ability  of  cur  schools  to 
improve  science  education. 

Project  Evaluation 

During  the  summer  of  1991, 38  teachers  and  other 
school  personnel  took  part  in  Project  INSITE  training 
activities  in  preparation  for  the  1991-92  school  year. 
Thirty-one  of  the  participants  worked  at  the  elem<jntary 
school  level,  while  five  worked  at  the  middle  school  or 
junior  high  level,  and  two  taught  at  the  high  school  level. 
Four  of  the  participants  were  pre-service  teachers  who 
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Table  1 

Pre-  and  Post-Test  Results  for  Trolnlng  Porticlponts 


Measure 

Pre- 
Training 
Mean 

Standard 
Deviation 

Post- 
Training 
Mean 

standard 

Deviation 

oain 

t-value 

ITVUU  ill 

t 

Computer 
Attitudes 

84.27 

8.15 

86.08 

7.52 

1.69 

2.24 

.0314 

Content 
Knowledge 

2.95 

2.78 

11.68 

2.27 

8.74 

15.96 

.0001 

Table  2 

Pre-  and  Post-Test  Results  for  Students 

Measure 

n 

Pre- 
Training 
Mean 

Standard 
Deviation 

Post- 
Training 
Mean 

Standard 
Deviation 

Gain 

t- 

value 

Prob 
oft 

Computer 

360 

81.19 

9.58 

81.40 

11.53 

0.21 

0.41 

.6801 

Infor- 
mation 
Access 
Attitudes 

323 

40.76 

5.35 

40.73 

6.40 

-0.02 

-0.06 

.9470 

Content 

368 

3.02 

2.46 

10.79 

4.13 

7.77 

31.72 

.0001 

would  do  tlieii*  student  teacliing  during  the  academic  year. 
The  remaining  participants  were  practicing  teachers  with 
a  range  of  one  to  24  years  of  experience.  The  average 
participant  liad  about  1 1  years  of  teachmg  experience. 

To  assess  the  effectiveness  of  the  training  activities, 
participants  were  pre-  and  post-tested  using  several 
instruments.  These  included  measures  of  attitudes  toward 
computers  and  content  knowledge.  Attitudes  toward 
computers  were  measured  by  means  of  a  20  item  Likert 
type  scale  adapted  from  the  work  of  Anderson  and  others 
(1979).  Individual  items  were  scored  by  awarding  five 
pomts  for  strongly  agree,  four  points  fcr  agree,  three 
points  for  undecided,  two  points  for  disagree,  and  two 
pomt  for  strongly  disagree  on  positively  worded  items. 
Negatively  worded  items  were  scored  in  r?* verse  fastiion. 
Scores  on  individual  items  were  sununed  to  yield  a 
computer  attitudes  score  of  20  (very  negative)  to  60 
(neutral)  to  100  (very  positive).  The  content  examination 
consisted  of  15  multiple  choice  items,  with  five  alterna- 
tives each,  derived  from  the  training  content  and  devel- 
oped by  one  of  the  authors.  Identical  forms  of  both 
instruments  were  used  for  the  pre-  and  post-tests. 


Tlie  results  of  the  pre-  and  post-testing  of  the  training 
participants  are  shown  in  Table  1 .  On  average,  partici- 
pants entered  the  training  with  positive  attitudes  toward 
computers  (mean  =  84.27  out  of  100)  but  relatively  little 
knowledge  of  the  specifics  of  the  training  content  (mean  = 
2.95  out  of  15).  The  post-tests  showed  gains  on  each 
measure  that  were  statistically  significant  ( p  <  .05)  as 
determined  by  a  paired  samples  t-test.  Therefore,  the 
training  had  the  desired  effect  of  improving  participants 
knowledge  of  computer  telecommunication  and  their 
attitudes  toward  computers.  In  addition,  the  great  majority 
of  participants  reported  feelmg  more  confident,  more 
inclined  to  use  the  computer  in  instruction,  and  anxious  to 
engage  in  Project  INSITE  activities  with  their  students. 
Participants*  evaluations  of  the  training  itself  were  also 
very  positive. 

During  the  1991-92  school  year,  the  Project  INSITE 
activities  developed  by  the  participating  teachers  were 
implemented  in  their  classrooms.  To  get  an  indication  of 
the  impact  of  these  activities,  students  in  the  participating 
teachers*  classrooms  were  also  pre-  and  post-tested  using 
measures  of  computer  attitudes,  information  access 
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attitudes,  and  knowledge  of  telecommunication  content. 
The  computer  attitude  measure  consisted  of  20  Likert  type 
items  similar  to  the  one  used  with  the  participating 
teachers.  The  information  access  attitude  measure 
consisted  of  ten  Likert  type  items  related  to  students* 
attitudes  toward  accessing  information  (e.g,  **I  like  to 
learn  things  from  books  and  magazines**).  It  was  devel- 
oped by  one  of  the  authors.  As  with  the  computer  atti- 
tudes scale,  this  measure  was  scored  by  summing  the 
reaction  scores  of  the  individual  items.  Finally,  the 
content  knowledge  measure  consisted  of  20  multiple 
choice  items  related  to  telecommunication  and  on-line 
searching.  Measures  were  administered  by  the  classroom 
teachers  before  and  after  Project  INSITE  activities.  In 
additio>i,  students  and  teachers  were  asked  to  complete 
evaluations  of  project  activities  following  the  use  of  those 
activities  in  the  classroom. 

Table  2  shows  the  results  of  the  pre-  and  post-testing 
of  the  students.  Although  pre-test  data  were  obtained  for 
368  students  and  post-test  data  were  obtained  for  432 
students,  the  data  in  Table  2  reflect  only  those  students  for 
whom  both  pre-  and  post-test  results  were  available.  As 
these  results  show,  there  were  no  changes  in  the  student 
population  on  either  tlie  computer  attitudes  or  the  infor- 
miation  access  measures,  although  the  students  on  average 
showed  positive  attitudes  on  both  measures  on  both  the 
pre-test  and  the  post-test.  Thus,  there  is  no  evidence  that 
project  activities  impacted  either  students*  computer 
attitudes  or  their  attitudes  about  finding  information. 
However,  as  might  be  expected,  there  was  a  statistically 
significant  ( p  <  .0001)  increase  in  students*  knowledge 
about  project  content  as  a  result  of  the  project  activities. 

Despite  this  success,  the  post-test  mean  on  the  content 
test  appears  somewhat  low  (mean  =  10.79  out  of  20).  Two 
factors  contributed  to  this  low  score.  First,  the  content 
examination  covered  a  full  range  of  project  content — 
basic  telec(Mnmunication  concepts,  electronic  mail,  and 
on-line  searching.  A  number  of  classrooms  did  only 
electronic  mail  or  only  on-line  searching.  Therefore, 
students  in  those  classes  would  not  have  been  expected  to 
be  able  to  correctly  answer  all  of  the  items.  Second,  a 
large  {M-oportion  of  the  classes  were  elementary  level,  and 
a  number  of  the  questions  were  probably  too  difficult  for 
elementary  students.  Therefore,  the  post-test  results  were 
not  unexpected. 

In  addition  to  these  results,  both  students  and  teachers 
ccHnpleted  evaluations  of  the  project  activities  after  their 
use  in  the  classroom.  TTie  student  reactions  were  almost 
universally  positive.  Over  80%  of  students  agreed  that 
they  learned  a  lot  about  using  the  computer  to  find 
information.  Over  77%  reported  that  they  really  liked  the 
Project  INSITE  lesson.  Almost  70%  of  students  agreed 
that  they  would  like  to  have  more  activities  like  these  in 
their  classes. 


The  teachers  were  also  generally  positive  in  their 
reactions,  although  they  were  also  able  to  identify 
problem  areas.  Nearly  77%  of  teachers  agreed  that  their 
students  liked  the  Project  INSITE  lesson.  But  only  64% 
thought  that  the  unit  worked  well  with  their  students,  and 
even  fewer,  56%,  thought  that  their  students  learned  a  lot 
from  the  lesson.  The  elementary  level  teach^,  especially, 
felt  that  some  aspects  of  computer  telecommunication  and 
on-line  searching  were  too  difficult  fcH*  younger  students. 
Although  things  generally  went  well,  about  40%  of 
teachers  reported  experiencing  technical  problems.  The 
biggest  single  problem  area  was  limited  access  to  equip- 
ment and  telephone  lines.  Over  64%  of  teachers  felt  that 
more  hardware  would  have  improved  the  success  of  the 
activities.  Despite  these  difficulties,  nearly  70%  of 
teachers  felt  that  the  Project  INSITE  activities  benefited 
their  students. 

Micliael  /  Rush  is  the  director  of  Project  INSITE,  4800  S. 
975     Zionsville,  Indiana  46077, 

Project  INSITE  is  Junded  through  the  National  Science 
Foundation. 


Breaking  down  boniers  through  Macomrminicotions  667 


ERLC 


700 


Distributed  sctiooiing:  A 
model  for  computer 
networlc-supported 
teaclier  education 

Clinton  E.  Stapleton 
Clinton  Stapleton  Consulting 


Distributed  Schooling 

Research  has  suggested  the  importance  of  educa 
tional  change  aimed  at  addressing  needs  of 
learners  in  the  infonnation  age  (Hunter,  1991). 
With  the  promise  of  access  to  powerful  information 
resources  such  as  the  National  Research  and  Education 
Network  (NREN),  Uiere  is  also  a  need  for  school  work  to 
"include  primary  information  sources  so  that  students  are 
sunultaneously  learning  the  critical  content  while  gaining 
first-hand  experience  with  inforaiation  sources  them- 
selves** G^ewman,  Bernstein,  &  Reese;  1992).  Many 
researchers  report  possibilities  for  conducting  such  first- 
hand instructional  activities  between  students  and  teachers 
separated  by  time  and  distance  with  the  assistance  of 
electronic  networks  (Levin,  1990;  Levin,  Waugh,  Chung, 
&  Miyake,  1991;  Stapleton,  1991;  St^leton,  1992; 
Waugh  &  Levin,  1988).  But  what  strategies  can  be 
applied  to  increase  participation  in  these  activities  by 
beginning  and  experienced  teachers  enrolled  in  teachei* 
education  courses?  The  following  study  reports  on  an 
approach  that  addresses  this  question. 

On-line  Toocher  Education  Course 

A  course  for  teacher  educators  was  established  at  a 
state  university.  It  was  aimed  at  teachers  in  remote  areas 
who  were  interested  in  pursuing  advanced  degrees  and 
training  in  teacher  education.  During  the  beginning  of  the 
course,  students  met  on  campus  one  to  two  times  for  a 
few  hours.  They  received  an  introduction  and  overview  of 
the  class  and  assistance  on  how  to  configure  theh*  cOTiput- 
ers  with  the  hardware  and  software  required  to  communi- 
cate on  a  school-based  nationally  linked  network. 

Students  also  learned  how  to  carry  out  routine  tasks 
such  as  starting  up  their  computers,  logging  onto  the 
network,  reading,  ccxnposing,  and  sending  electronic  mail 
messages,  and  logging  off  the  network.  System  operators 
for  the  network  attended  one  such  class  and  discussed  and 
demonstrated  typical  tasks  and  duUes  of  various  types  of 
users  (system  operators,  activity  participants,  activity 
contributors,  and  activity  coordinators).  These  system 
operators  were  employed  as  full  time  graduate  assistants 
in  the  College  of  Education  at  the  university. 

Students  were  assigned  reading  materials  and  required 
to  participate  in  discussions  to  provide  a  background  and 
framework  needed  to  understand  the  applications, 
potentials  and  limitations  of  networks  as  applied  to 
teaching  and  learning.  Resources  and  materials  that  they 
had  access  to  include:  instructional  telecommunications 
simulation  software,  videotapes,  journal  articles  on  keys 
to  successful  instructional  telecomputing  and  a  text 
entitled:  ITie  Compete  Handbook  of  Personal  Computer 
Communications  (Glossbrenner).  Students  were  required 
to  keep  weekly  logs  of  their  use  of  the  network  while  they 
integrated  network  instructional  activities  into  lessons  at 
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their  respective  schools. 

In  addition  to  assigned  readings  students  were 
required  to  demonstrate  knowledge  and  skills  of  educa- 
tional networks  by  completing  a  major  class  assignment. 
They  were  to  paiticipate  in  a  network  activity  or  create 
apd  implement  an  original  activity  with  their  elementary 
or  secondary  school  students.  Students  and  the  professor 
conducted  the  remainder  of  the  course  on-line.  They  did 
not  meet  face-to-face  again  until  the  end  of  the  semester. 

While  some  students  participated  in  network  projects 
proposed  by  others  on  the  network,  many  chose  to  create 
original  learning  projects  around  their  content  areas.  The 
foUowing  example,  "Weather  Holidays  Project,"  is  an 
original  project  created  by  a  student  who  lived  out  of 
town  and  was  enrolled  in  the  university  course.  It  outlines 
typical  stiategies  used  by  the  students  to  integrate  network 
learning  activities  into  their  classrooms. 

Purpose 

The  purpose  of  the  study  reported  here  was  to  investi- 
gate strategies  used  by  practicing  and  beginning  teachers 
isolated  by  distance  to  use  a  network  to  participate  in  a 
teacher  education  program. 

Method 

Educational  activities  were  selected  which  were 
conducted  by  course  participants  on  a  nationally  and 
internationally  linked  networic  used  by  thousands  of 
teachers  and  students.  They  were  then  analyzed  to  address 
research  questions.  Several  methods  were  used  to  select 
successful  netwcx'k  activities  and  to  collect  and  analyze 
data  on  those  activities. 

Sample 

Students  enrolled  in  teacher  education  courses 
supported  by  a  grassroots  school-based  electronic  network 
between  January  1989  and  June  1990  were  selected. 
These  students  completed  network-based  instructional 
activities  that  were  judged  as  successful  by  editors  of  a 
mediated  electronic  bulletin  board  on  the  network 
designed  for  publishing  electronic  reports  of  successful 
network  activities. 

Data  Collection 

The  data  for  this  study  consisted  of  electronic  mail 
messages  exchanged  on  the  network  as  well  as  diaries  of 
network  usage  and  telephone  and  face-to-face  interviews 
with  students  in  the  course  and  key  participants  of  their 
network  activities. 

Data  Analysis 

Each  network  activity  was  described  along  several 
dimensions  including  purpose  of  the  activity,  origin  and 
formulation  of  the  project  idea,  overview  of  the  activity, 


organization  of  the  activity,  context  and  resources, 
implementation  of  the  activity,  problems  of  the  activity, 
and  reconunendations  for  improving  the  activity. 

Results/Discussion 

Overview  of  the  Weather  Holidays  Project 

The  Weather  Holidays  project  was  an  educational 
activity  successfully  implemented  in  1989  on  the  network 
and  was  also  referred  to  as  the  Snow  Days  project  The 
project  was  targeted  at  a  large  and  diverse  audience. 
Participants  used  the  network  to  exchange  data  about 
weather  related  school  holidays.  The  project  lasted  for 
four  months:  from  February  until  May. 

Purpose  of  the  Weather  Holidays  Project 

The  purpose  of  the  project  was  to  collect  data  from 
other  network  users  about  school  holidays  that  were 
caused  by  the  weather.  Another  purpose  was  to  learn 
about  other  school  systems  and  how  they  handled 
weather-related  disasters.  The  project  was  designed  as  an 
activity  for  expanding  the  horizons  of  students  at  partner 
schools. 

Origin  and  Formulation  of  the  Project  Idea 

The  teacher  got  the  idea  for  the  project  when  she  was 
discussing  the  electronic  network  concept  as  part  of  her 
computer  literacy  discussions  with  her  students  at  school. 
She  was  able  to  connect  to  the  network  a  number  of  times 
during  class  and  demonstrated  the  bulletin  board  system 
to  her  classes.  The  host  school  where  the  teacher  taught 
was  a  kindergarten  through  fifth  grade  school.  The  idea 
for  the  project  originated  when  the  host  teacher  and  her 
class  had  their  own  snow  day.  She  talked  to  her  students 
about  the  crisis  and  they  responded  to  the  crisis  by 
discussing  it.  She  reported  that  students  were  aware  of 
snow  holidays,  since  they  recently  had  a  srK)w  day,  but 
they  were  not  aware  of  mud  slides  and  earthquakes  that 
happened  in  other  parts  of  the  world. 

Around  the  time  of  the  snow  day  holiday  there  was  a 
major  earthquake  in  California  and  it  was  also  discussed. 
At  the  time  of  the  earthquake  the  discussion  became  an 
idea  far  a  network  project  on  various  weather  holidays 
that  kept  students  away  from  school.  It  was  a  spontaneous 
idea  that  originated  at  a  time  when  the  teacher  was 
required  develop  an  idea  for  a  network  project  for  the 
networking  claSs  she  was  taking  at  a  local  university.  The 
teacher's  idea  was  to  have  her  class  use  the  network  for 
gathering  information.  She  also  used  the  network  to 
communicate  with  her  professor  and  classmates. 

Participant  Recruitment 

^n  order  to  advertise  the  project  and  recruit  partici- 
pants, a  call  for  collaboration  was  written.  It  was  short, 
simple,  and  somewhat  unstructured.  The  teacher  uploaded 
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the  proposal  message  on  two  of  the  networic's  bulletin 
boards.  One  bulletin  board  was  targeted  at  children  and 
the  other  had  an  audience  of  educators.  Students  were  told 
that  the  message  was  posted  to  recruit  project  participants 
and  contributors.  TTiey  were  excited  and  anticipated 
responses  from  interested  network  users.  Below  is  the 
message  sent  on  the  network  to  invite  other  teachers  and 
students  to  contribute  to  the  project. 

To:  PROJECT  IDEAS  Bulletin  Board 

From:  HOST-TEACHER 

Sent:  02/22/90  4:45  PM 

Subj:  SNOW  DAYS  OR  . 

Here  in  Illinois,  we  recently  had  a  "snow  day."  It 
would  be  interesting  to  hear  about  "weather  holidays" 
from  school  in  other  parts  of  the  world.  What  h^pens  to 
school  days  in  places  where  there  are  earthquakes,  and  for 
how  long  is  school  cancelled?  How  do  they  make  up  the 
time? 

What  about  Hawaii,  during  times  of  volcanic  activity, 
or  in  other  parts  of  the  world  during  violent  types  of 
weather.  How  does  the  weather  affect  the  school  children 
and  how  is  the  school  time  made  up?  We  have  tornado 
drills  in  Illinois.  Are  there  hurricane  drills,  or  earthquake 
drills,  etc.  Answers  to  these  questions,  along  with 
interesting  experiences  would  be  of  great  interest  to  the 
children  in  my  school  here  in,  Illinois.  Please  respond  to 
HOST-TEACHER.  Thank  you. 

Feedback  and  Participant  Reasons  for  Interest 
In  Project 

Participants  responded  because  they  were  interested  in 
global  awareness,  and  similarities  and  differences  in 
schools  both  regionally  and  globally.  They  hoped  to  able 
to  read  and  share  diverse  reports  of  weather  holidays 
conUibuted  by  various  respondents. 

Many  different  answers  were  sent  to  the  host  class 
during  the  duration  of  the  project.  They  received  many 
responses  from  different  sites  (California,  Illinois,  North 
Carolina),  describing  schools  being  called  off  for  mud 
days,  earthquakes,  ice  stonns,  extreme  cold,  hot  days,  and 
Hurricane  Hugo.  The  teacher  responded  to  each  answer 
from  participants  with  a  thank  you  message  for  respond- 
ing. Following  is  a  message  received  on  the  network  from 
a  distant  respondent. 

To:  [TEACHERl 

From:  [Student] 

Sent:  03/14/90 

Subj:  reply 

Here  in  North  Carolina  (Raleigh),  we  have  tornado 
drills  and  fire  drills.  During  a  tornado  drill,  the  adminis- 


trators blow  the  loud  air-horns  to  signal  teachers  to  take 
the  students  out  into  the  hall.  The  fire  drill  signal  comes 
over  the  intercom  as  a  siren  type  sound,  and  all  the  classes 
go  to  their  designated  area  outside.  We  got  out  in  Novem- 
ber for  One  day  for  Hurricane  Hugo  (even  though  it  really 
did  not  affect  Raleigh  that  much  [just  rain  mainly  and 
wind] ).  They  ( the  school  system)  will  just  add  a  day  on 
to  the  end  of  school  to  make  it  up.  We  also  get  out  for  ice 
or  snow  storms.  We  have  had  one  or  two  days  cancelled 
this  year,  and  they  were  tacked  on  to  the  end  of  the  year. 
Last  year,  however,  we  got  out  for  about  1 1/2  weeks 
because  it  was  so  icy!  One  other  time  we  get  out  of  school 
is  if  (the  temperature)  gets  o\er  95  degrees!  That's  hot 
down  here,  especially  with  all  the  humidity.  Usually  what 
happens  with  a  'heat  dismissal'  is  that  the  school  system 
will  decide  to  let  the  students  out  AFTER  lunch,  there- 
fore, then  count  that  day  as  a  regular  school  day,  and  we 
don't  have  to  make  it  up.  I  hope  that  I  have  answered  your 
question  and  that  it  will  interest  students  in  Dlmois. 

[Student]  [School] 

8th  Grade,  Raleigh,  NC 

Organization  of  the  Project 

The  project  did  not  require  much  organization  by  the 
teacher  nor  did  it  appear  to  need  much  organization  by 
participants.  Participants  contributed  simply  by  respond- 
ing to  the  questions  in  the  proposal  and  exchanging  the 
responses  with  the  host  teacher  on  the  network.  Once  the 
messages  were  exchanged  on  the  network  all  participants 
had  access  to  them. 

Context  and  Resources 

There  was  a  small  computer  lab  in  the  Learning 
Center  where  the  host  teacher  held  classes.  Her  responsi- 
bilities were  to  teach  literature,  geography,  library  skills, 
computer  literacy,  word  processing  and  keyboardmg  to 
students.  Each  class  had  about  twenty-five  students. 
Though  some  students  used  the  computers,  they  all  were 
not  able  to  get  on  the  computers.  While  teaching  the 
topics  above  the  teacher  integrated  computers  and  The 
network  mto  classroom  learning  activities.  Every  class  in 
the  school  was  required  to  have  instruction  in  library 
skills  at  least  once  a  week.  Though  every  class  received 
some  exposure  to  computers,  only  second  through  fifth 
graders  had  involvement  with  the  network  and  the 
Weather  Holidays  project. 

The  teacher  had  an  Apple  II GS  and  a  modem  that 
was  provided  by  her  professor  at  the  local  university.  The 
modem  was  returned  to  the  professor  at  the  conclusion  of 
the  project.  The  teacher  also  had  a  printer  in  the  library 
and  used  the  T.I.C.  (Talk  is  Cheap)  communication 
software.  The  teacher  had  an  assistant,  but  the  assistant 
was  not  able  to  provide  assistance  with  the  network  or 
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technical  problems.  The  role  of  the  assistant  was  to  check 
and  file  books  in  the  library.  The  teacher  implemented  the 
project  on  her  own.  She  uploaded  and  downloaded  all  of 
the  messages  and  printed  them  once  messages  were 
composed  and  saved  on  floppy  disks. 

Implementation  of  the  Project 

The  teacher  was  able  to  teach  geography  using  several 
responses  received  from  the  network  partners.  She  used  a 
map  to  pin  point  places  (cities)  where  the  responses  came 
from.  She  explained  the  process  which  took  place  when  a 
message  was  sent  on  the  network.When  she  got  a  me^^sage 
or  response  she  would  copy  it  from  the  network  and  print 
it  She  also  read  the  message  in  class. 

Students  participated  by  listening  and  looking  at  maps 
and  reading  networic  messages.  They  also  observed  the 
process  of  how  the  computer  was  electronically  linked  by 
telephone  call  to  exchange  information  with  other 
students  and  teachers  outside  their  city.  She  felt  that  the 
students  understood  what  was  happening  when  messages 
were  sent  and  received  on  the  networic.  The  younger 
students  did  not  appear  to  understand  the  process  of 
networking  as  well  as  the  older  children. 

The  teacher  had  a  gifted  fourth  grader  assisting  her 
with  the  uploading  and  other  tasks  of  sending  and  printing 
messages  from  the  network.  That  student  was  able  to  use 
the  computer  to  connect  with  the  network  successfully. 
The  teacher  trained  the  student  bow  to  use  the  network. 

Tlie  teacher  provided  students  with  a  printout  of  all 
respc»nses  on  a  weekly  basis.  Some  of  the  network 
responses  came  in  during  the  month  of  February  but  most 
of  the  responses  came  in  March.  During  that  time  period, 
the  teacher  told  students  about  other  items  on  the  bulletin 
boards  that  may  have  been  of  interest  to  their  age  group. 
Tue  "Global  Grocery  List"  was  one  such  project.  The 
teacher  read  students  some  of  the  "Young  Authors"  work 
from  KIDWIRE.  She  also  placed  another  project  idea  on 
the  electronic  bulletin  board  about  the  robbery  cases 
of  "Carmen  San  Diego." 

Classroom  Integration 

Students  were  interested  in  the  idea  and  made  contri- 
butions to  class  discussions  during  the  project  implemen- 
tation. The  teacher  discussed  technicalities  of  earthquakes 
with  the  children.  She  posed  questions  such  as,  "Do 
earthquakes  happen  locally?"  Students  were  required  to 
do  research  on  the  topics  discussed.  This  was  an  extension 
of  the  responses  from  the  network.  The  class  was  in- 
volved in  several  activities,  including  those  which 
involved  looking  for  faults  on  the  map.  Even  though  there 
were  accounts  of  the  earthquake  in  the  newspapers  at  the 
time,  the  descriptions  from  the  networks  were  more 
meaningful  and  interesting  to  students  because  these 
responses  were  actually  written  by  students  who  had 


experienced  the  earthquake.  Many  responses  contained 
descriptions  that  were  not  from  an  adult's  point  of  view. 

The  project  expanded  the  whole  lesson  the  teacher 
presented  on  using  encyclopedias  and  other  resources  for 
gathering  information.  The  teacher  used  the  resources  in 
the  library  and  discussed  findings  with  students.  The 
project  host  teacher  sent  each  person  who  contributed  to 
the  project  a  thank  you  message  which  expressed  her 
^preciation  for  their  participation. 

Problems  of  the  On-line  Course 

The  biggest  problem  of  conducting  projects  was 
accessing  the  network.  Students  often  had  to  stay  after 
school  until  seven  or  eight  o'  clock  at  night.  They  usually 
spent  a  lot  of  time  trying  to  connect  to  the  network  and 
getting  on-line  to  read  and  send  messages.  It  was  a 
problem  during  the  times  students  called  because  other 
local  teachers  who  also  had  free  time  after  school  were 
trying  to  get  on-line  or  were  already  on-line.  Network 
access  was  limited  in  that  it  could  only  allow  one  user  at  a 
time  to  be  on-line.  Students  tried  to  get  on-line  several 
times  during  class-time  but  were  unsuccessful  most  of 
those  times.  The  professor  assisted  by  posting  announce- 
ments about  the  best  times  to  use  the  network.  Following 
is  a  message  which  illustrates  this. 

To:  $NORTHBROOK 

From:  UNIVERSITY  PROFESSOR 

Sent:  02/08/90  9:58  AM 

Rcvd:  02/08/9011:12  AM 

Subj:  Usage  of  [Network] 

Here  is  more  info  about  times  of  logging  on... 

Subj:     Usage  of  [Network] 

Over  the  past  week,  the  peaks  of  usage  are  between 
8am-9am.  5pm-6pm,  and  12noon-1pm.  The  valleys 
are  between  6-7pm  and  8'-9pm  (and  of  course  all  the 
hours  in  the  mkldle  of  the  night).  WeVe  been  having 
problems  with  the  board  "crashing",  so  if  something 
strange  happens  while  you*re  on,  please  send  us  a 
note  describing  what  it  was,  what  you  were  doing, 
etc.  so  we  can  figure  out  what's  going  wrong. 

The  other  problem  was  that  the  network  menus  and 
commands  were  very  confusing.  This  was  intimidating 
and  frustrating  when  students  started  using  the  network. 
By  posting  questions  to  the  professor  and  classmates  on 
the  network,  and  receiving  solutions  and  practicing  them, 
in  time  they  got  better  at  using  the  network.  With  this 
approach,  sending  and  printing  messages  and  similar  tasks 
became  fun  and  easy.  However  many  students  never 
progressed  to  a  stage  where  they  wen*  /idllful  and 
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confident  in  sending  copies  of  messages  to  several 
participants  (setting  up  conferences). 

Students  were  able  to  use  conferences  that  they 
requested  system  operators  to  establish  for  them.  They 
noted  that  the  process  of  creating  conferences  and 
addressing  messages  was  technical  and  confusing.  One 
student  commented  that  if  someone  completed  the 
required  addressing  and  other  tasks  a  few  times  then  they 
could  practice  and  learn  the  skill.  However  in  order  to 
retain  the  skill,  regular  usage  would  be  necessary. 

Expert  Support 

The  university  professor  provided  handouts  and 
background  materials  about  networks  and  networking 
tasks.  Students  commented  thai  without  those  printed 
materials  at  the  beginning  of  the  course  they  would  have 
been  completely  lost.  The  materials  were  very  helpful. 
They  were  easy  to  read  and  understand  without  assistance 
from  a  technician  or  the  professor. 

When  students  did  have  trouble  they  sent  messages 
describing  the  problem  to  the  professor.  The  professor 
used  the  network  to  send  messages  with  suggestions 
which  usually  helped  to  solve  the  problems.  On  occasions 
the  professor  even  typed  responses  to  questions  when 
students  were  on-line.  They  thought  that  this  type  of  real- 
time interaction  was  interesting  and  fun  but  important 
because  of  the  immediate  feedback. 

R«fCommendations/lmplicatiori$ 

Research  findings  suggest  both  face-to-face  and  on- 
line interactions  can  be  integrated  and  used  as  a  model  for 
structuring  teacher  education  courses.  However,  adequate 
policies  and  support  are  required  on  state,  college  and 
grade  school  levels  to  provide  the  human,  technical  and 
other  resources  needed  for  such  a  program.  The  current 
administration  and  structure  of  college  courses  and  school 
curricula  do  not  allow  the  smooth  integration  of  netwwk- 
based  teacher  education  programs  involving  grade-school 
students,  practicing  and  beginning  teachers,  and  students 
enrolled  in  teacher  education  programs. 

Distributed  teacher  education  courses  can  assist 
learners  in  successfully  transferring  knowledge  and  skills 
from  texts  to  real  classrooms  with  real  students,  real 
challenges,  and  meaningful  experiences.  This  approach 
can  serve  as  a  means  for  successfully  introducing  large 
numbers  of  disenfranchised  teachers  to  opportunities  for 
pursuing  studies  in  teacher  education.  It  can  also  function 
as  a  framework  for  addressing  important  questions  about 
how  to  promote  the  application  of  educational  networks 
for  continued  classroom  instruction  and  lifelong  learning 
beyond  the  conclusion  of  teacher  education  courses. 
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Multimedia  teaching  at  a 
distance:  Emerging  issues 

of  computer-supported 
cooperative  work  in 

education  and  training 

Niki  Davis 
Exeter  University 


Introduction 

In  many  parts  of  the  world  there  is  increasing  emphasis 
on  school-based  teacher  education.  Similarly  there  is 
an  emphasis  on  children  achieving  their  maximum 
potential.  However  it  is  difficult  to  locate  sufficient 
expertise  and  resources  in  each  school.  One  answer  could 
be  multunedia  teaching  from  a  distance,  a  fonn  of 
computer-supported  cooperative  group  work  (CSCW) 
tailored  to  the  needs  of  education  and  training. 

At  Exeter  University  School  of  Education  we  are 
using  International  Computers  Limited  Desktop 
Conferencing  systems  (DTC)  linked  with  British 
Telecom's  Integrated  Services  Digital  Network  (ISDN2) 
phone  lines  to  develop  case  studies  which  utilise  the 
strengths  of  this  medium  for  education  and  training.  The 
systems  are  set  up  in  three  locations:  the  University  and 
two  schools.  We  are  using  them  to  enhance  teaching  and 
learning  between  university  staff,  student  teachers,  school 
pupils  and  school  teachers.  The  current  project  developed 
several  case  studies.  They  are  described  in  more  detail  in 
Davis  (in  press)  and  Wright  et  al  (1993).  Video  material 
has  been  edited  to  provide  a  richer  view  of  the  computer 
supported  collaborative  group  work  that  occurred. 

Issues  reloting  to  CSCW 

The  use  of  multimedia  communication  can  permit 
participants  to  glimpse  new  forms  of  education  and 
training,  where  learners  can  collaborate  with  their 
teachers  in  a  way  which  has  been  rare,  even  when  sitting 
side  by  side.  It  is  almost  as  if  the  voice  link  plus  the 
window  of  the  computer  screen  permit  both  to  feel  as  if 
they  have  ownership  and  control  of  the  work  being 
produced.  I  will  use  the  following  headings  to  discuss  the 
emerging  issues:  timing,  navigation  and  control,  informa- 
tion and  cooperation. 

Timing 

The  synchronization  of  DTC  requires  care.  The  thread 
of  communication  is  disrupted  by  delays  over  10  seconds 
when  participants  wait  for  a  response.  Users  sealed  at  a 
workstation  expect  it  to  run  at  its  nonnal  speed  even 
though  communications  are  involved.  Indeed,  the 
computer  screen  was  expected  to  synchronise  with  the 
immediate  voice  signal  received  and  transmitted  by  the 
telephone.  Tutors  responded  by  making  the  pupils 
machine  the  host  or  *chair'  and  by  attempting  to  prexlict 
the  outcome  of  their  .^ctio^s  to  speed  the  iiUeraction. 
Despite  this,  more  experienced  users  noted  that  the  lag  of 
the  computer  screen  made  the  sessions  less  interesting, 
although  they  remained  useful. 

The  disruptive  effect  of  the  delay  was  reduced  using  a 
more  detailed  lesson  plan  than  is  common  for  tutoring. 
This  benefited  the  student  teachers,  who  became  more 
aware  of  the  phases  of  a  lesson  and  the  participation  that 
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they  should  expect  from  pupils.  However,  the  delays 
mean  that  the  lesson  took  much  longer  than  a  face-to-face 
session. 

At  the  other  end  of  the  time  scale,  scheduling  the  DTC 
sessions  has  required  considerable  care.  Four  systems 
were  used  across  three  institutions  with  several  groups 
participating  in  each  location.  Each  institution  has  its  own 
timetable.  In  the  pilot  phase  much  of  the  work  was  done 
outside  the  normal  timetables  of  all  three  institutions. 
Later  it  became  part  of  the  school  timetables,  but  this 
disadvantaged  the  student  teachers.  Like  many  forms  of 
IT,  DTC  requires  flexibility  of  time  and  increased 
autonomy  of  pupils  (Cory,  1991).  In-service  training,  on 
\bc  other  hand,  has  benefited  from  the  flexibility.  Staff 
cover  for  forty-minute  sessions  is  relatively  easy  com- 
pared to  absence  for  courses  away  from  the  school 
premises. 

Navigation  and  control 

DTC  requires  several  programs  to  run  concurrentiy  on 
both  computer  systems  which  are  linked  by  the  ISDN2 
telephone  lines.  Users  therefore  develop  a  complex 
mental  model  of  the  technology  underlying  DTC  and  on 
several  occasions  we  have  noted  that  such  models  were 
incomplete  or  faulty.  Even  I  have  been  surprised  to  tlnd 
after  a  DTC  link  has  been  disconnected  that  I  do  not  have 
the  pupil's  file  that  had  been  shown  in  the  incoming 
screen.  Intellectually  I  am  aware  that  it  is  on  the  distant 
computer,  but  the  inunediacy  and  my  manipulation  of  it 
make  that  hard  to  believe.  Navigation  has  been  assisted  by 
standardising  the  desk  top  arrangement  across  institutions 
while  colouring  each  uniquely. 

DTC  can  be  run  in  a  mode  in  which  the  *chair*  has 
control  and  the  ^participant*  has  to  request  to  change 
items.  The  software  even  made  the  *chair*  confirm  a  new 
choice  of  pen  colour.  This  is  inconsistent  with  the 
required  learning  style,  which  should  enhance  the 
autonomy  necessary  for  teaching  at  a  distance.  Also,  as 
noted  above,  tutors  tend  to  put  pupils  in  the  *chair*  so  that 
they  can  show  work  tiiey  had  developed  on  their  com- 
puter with  increased  speed  of  computer  response.  The 
need  to  request  permission  is  also  inappropriate  for 
consultancy. 

Information 

The  view  of  participants*  faces  is  assumed  by  many  to 
be  the  most  important  source  of  information  between 
teachers  and  pupils.  Although  the  pupils  were  curious,  the 
lack  of  this  video  has  not  been  disruptive  because  the 
focus  of  our  tasks  has  been  on  the  screen  and  keyboard. 
The  task  is  therefore  a  key  to  reducing  the  need  for  video. 
However,  participants  do  lack  cues  which  indicate  what 
others  are  about  to  do  next.  In  face-to-face  situations  such 
information  is  often  provided  by  tiie  direction  of  a  glance, 


the  movement  of  a  hand  or  a  hesitation.  This  lack  of 
information  was  noted  in  a  tutor's  diary  after  he  had 
viewed  video  tapes  of  both  ends  of  the  DTC  link: 

"AlUiough  Vi  was  doing  most  of  the  talking,  Di  was 
doing  the  deeper  thinking.  In  fact  Vi  was  quite  often 
relaying,  unbeknown  to  me,  Di*s  answers.  Assessment  of 
group  woik  would  be  very  difficult  tiu*ough  DTC.  Di  was 
quite  often  doing  a  significant  amount  of  pointing  at  the 
screen,  which  of  course  I  am  unaware  of.  I  think  I  should 
ask  them  to  share  the  light  pen  and  moiise  more  equally  in 
future,  otherwise  Di  will  get  very  bored  as  Vi  takes  over. 
The  pupils  have  become  confident  enough  with  the 
technology  to  instruct  me  in  the  use  of  the  flipchart  when 
I  am  not  quick  enough  (Vi  told  me  that  I  would  have  to 
open  a  fresh  page  as  I  had  the  chair).**  (10/11/92,  BW) 

The  ICL  phones  with  extra  buttons,  mike  and  loud- 
speaker work  well  permitting  groups  to  participate  at  each 
workstation.  Occasionally  listeners  misinterpreted  what 
they  heard,  for  example,  *Eh*  for  *OK*  which  caused 
some  confusion.  This  is  because  the  direction  of  speech  is 
the  screen  or  other  people  rather  than  the  phone*  s  miao- 
phone.  Tutors  also  noted  that  their  teachin-^  manner  was 
adversely  affected  by  having  to  speak  into  the  micro- 
phone: 

"I  was  very  surprised  to  see  the  effect  of  (my)  using 
tiie  hand  set,  rather  than  Uie  telephone  speaker,  at  boUi 
ends.  It  affected  my  posture  (more  relaxed),  tone  of  voice 
(quieter),  teaching  style  (more  supportive  and  collabora- 
tive), and  teacher-student  relationship  (more  positive  and 
informal).**  (17/11/92,  BW) 

At  the  other  end  of  the  scale  there  are  times  where  the 
teacher  suffers  from  an  information  overload  which  is 
similar  to  an  over-busy  classro(Mn,  but  also  different.  The 
tutor  has  several  different  channels  of  information  to 
attend  to:  the  local  workstation  running  at  least  two 
different  applications;  the  incoming  window  from  the 
distant  workstation;  the  telephone  hand  set*s  buttons  and 
lights;  the  audio  phone  line  which  may  have  a  number  of 
voices  on  it;  and  the  non  computer  based  materials.  Using 
Uiis  information  the  teacher  will  be  building  a  mental 
model  of  the  learners  and  using  tiiat  to  guide  actions. 
Where  significant  dissonance  builds  up,  most  tutors  suffer 
an  information  overload.  We  have  tried  to  avoid  this  by 
structuring  the  sessions  more  closely  than  would  be 
normal  to  our  teaching  style  and  to  continually  seek 
confirmation  from  the  distant  participants  th  it  their 
workstation  is  behaving  as  expected.  In  contrast,  younger 
participants  rarely  find  this  a  problem. 

The  anonymity  of  computer  conferencing  has  been 
shown  to  produce  more  extreme  behaviour  (Spears,  Lea 
and  Lee,  1990).  We  have  found  litUe  evidence  of  tiiis 
possibly  because  the  communication  is  almost  immediate 
and  the  voice  connection  decreases  anonymity.  We  have 
also  used  the  effect  to  simulate  events.  The  *Desert 
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Stonn*  case  study  described  by  Wright  et  al  (1993) 
provided  realism  such  that  a  few  pupils  found  it  hard  not 
to  believe  that  they  communicated  with  Moscow. 

Cooporcrtion 

Group  work  is  one  a^^pect  which  employers  request  of 
education.  When  bringing  a  group  together  the  first 
activity  is  frequently  designed  to  'break  the  ice'  so  that 
members  will  be  able  to  establish  workmg  relationships. 
It  was  therefore  felt  that  such  an  activity  would  also  be 
important  in  DTC.  It  was  merged  with  an  introduction  to 
the  DTC  software  so  that  the  range  of  tools  available 
(flipchart,  software  sharing  and  file  transfer)  were 
introduced  in  a  meaningful  and  enjoyable  way.  The  *ice 
breaker*  activity  was  based  on  "Who  am  I?".  Clues  were 
provided  in  a  variety  of  media  (jumbled  text,  pictures  and 
sounds)  to  objects  or  pec^le  relevant  to  the  pupils' 
subject.  Participants  at  either  end  of  DTC  worked  in 
friendly  competition  and  through  this  a  working  relation- 
ship with  each  other  and  the  software  developed. 

Individual  difference  in  using  multimedia  communica- 
tions were  indicated  for  gender.  Girls  seemed  more  ready 
to  communicate  than  boys.  They  were  also  more  likely  to 
act  upon  a  suggestion  from  others  in  their  group  and  from 
distant  groups.  Littleton,  Light,  Messer  and  Joiner  (1992) 
suggest  that  the  task  and  the  'audience'  have  a  larger 
effect  than  gender  on  c(Mnputer-based  work.  In  the  case  of 
DTC  the  ability  to  communicate  is  also  a  factor.  One 
unsuccessful  case  has  been  in  teaching  French  to  low 
ability  students  whose  poor  French  meant  that  they  were 
too  shy  to  participate  effectively. 

One  teaching  method  currently  undervalued  is  of 
successive  refinement  in  which  experts  in  different 
domains  share  their  knowledge  within  the  process  of 
developing  an  artifact.  An  example  between  computer 
novices  who  are  subject  experts  with  their  opposing 
partner  (computer  experts  who  are  subject  novices)  has 
been  described  for  spreadsheets  by  Nardi  and  Miller 
(1990).  Several  of  our  case  studies  reflect  this  process  to  a 
greater  or  lesser  extent  The  most  extreme  case  is  where 
pupils  'taught'  Autosketch  to  a  student  teacher  with 
expert  knowledge  of  Design  and  Technology.  The  student 
teacher  then  helped  the  pupils  refine  their  application  of 
Autosketch  using  expert  knowledge  of  the  design  process. 
The  student  teacher  also  learned  about  the  way  in  which 
the  pupils  understood  both  the  software  and  the  design 
process  at  various  stages.  The  teaching  process  continued 
to  refine  the  artifact  while  also  successively  refining  both 
the  pupils'  and  the  student  teacher's  skill  and  knowledge. 

Conclusions 

Multimedia  computer  conferencing  can  work  in 
education  and  training.  It  can  extend  the  curriculum  and 
the  resources  and  can  be  a  vehicle  for  in-service  teacher 


education  in  addition  to  providing  insights  into  the 
process  of  teaching  and  learning  for  student  teachers  and 
research.  The  cost  benefit  analysis  has  yet  to  be  done,  but 
we  are  confident  that  a  package  of  applications  together 
will  justify  the  expense.  The  issues  discussed  will  not 
prevent  DTC  from  becoming  a  valuable  tool  for  education 
and  training,  especially  in  newer  more  autonomous  modes 
for  learning.  This  is  certainly  a  fascinating  area  of 
research  aiul  development. 
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It  is  commonplace  to  find  requirements  for  various 
kinds  of  field  experiences  in  teacher  preparation 
programs.  Students  complete  between  30  and  150 
hours  of  clinical  experiences  before  being  admitted  to 
teacher  training  and  50  to  100  hours  before  entering 
Student  teaching.  The  time  devoted  to  student  teaching 
ranges  from  7  to  19  weeks  (Blanton  &  Moorman,  1985). 

Raseorch  On  ainical  Teaching  Experiences 

Research  exploring  the  effects  of  clinical  teachmg 
experiences  has  provided  weak  results.  For  example, 
trainees  who  observe  in  classrooms  or  participate  in 
classroom  instruction  do  not  perform  better  than  their 
control  peers  in  future  courses  (Hedberg,  1969;  Ingle  & 
Robinson,  1965;  Ingle  &  Zaret,  1%8).  Likewise,  there  is 
little  evidence  that  early  experiences  lead  to  better  student 
teaching  performance  (Scherer,  1979).  Similarly,  the 
literature  offers  little  indication  that  student  teaching 
experiences  facilitate  induction  into  the  real  world  of 
teaching.  According  to  Peck  and  Tucker  (1983),  by  the 
end  of  smdent  teaching,  there  is  an  almost  universal 
decrease  in  attitude  toward  student  teaching,  as  compared 
to  the  starling  position  of  trainees. 

There  are  a  number  of  factors  contributing  to  the 
problems  related  to  clinical  teaching  experiences  The 
most  significant  influence  appears  to  be  context.  As  an 
illustradon,  Richardson-Koehler  (1988)  reported  that 
student  teachers  reject  the  content  of  their  university 
courses  after  as  little  as  two  weeks  in  the  clinical  setting. 
Trainees  are  usually  confronted  with  conservative 
practices,  structured  and  prepackaged  curriculum,  and 
deskilled  teachers  who  are  often  more  mechanical  than 
deliberative  (Goodman,  1983).  Poor  communication  is 
another  factor.  There  is  often  conflict  among  members  of 
the  student  teaching  triad.  Cooperating  teachers  often 
think  there  is  one  set  of  goals,  while  student  teachers  and 
university  supervisors  have  another  agenda  (Campbell  & 
Williamson,  1983;  Martin  &  Wood,  1984).  Members  of 
the  triad  also  tend  to  blame  each  other  for  problems.  From 
the  beginning  to  tiie  end  of  student  teaching,  members 
become  more  negative  toward  each  other  and  dissatisfac- 
tion wiUi  the  role  of  Uie  university  supervisor  becomes 
more  prevalent  (Griffm,  Barnes,  Hughes,  0*Neal,  Defmo, 
Edwards,  &  Hukill,  1983). 

The  supervisory  process  is  also  a  major  factor.  It 
appears  that  Uie  process  of  student  teaching  supervision 
may  prohibit  the  construction  of  knowledge  structures 
required  for  successful  classroom  teaching.  The  research 
reveals  that  ritost  conferences  between  interns  and 
supervisors  focus  on  factual  descriptions  of  events, 
management,  and  procedural  issues  (Zeichner,  Liston, 
Mahlios,  &  Gomez,  1988).  Surprisingly,  Zeichner  and 
Liston  (1985)  reported  Uiat  less  tiian  one  percent  of 
supervisory  discourse  was  devoted  to  the  critical  analysis 
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of  teaching.  I^ely  was  the  focus  on  conditional  knowl- 
edge related  to  why  particular  decisions  were  made  about 
teaching.  In  conferences  with  the  cooperating  teacher,  the 
teacher  talks  over  70  percent  of  the  time  (O'Neal  & 
Edwards,  1983;  Richardson-Koehler,  1988).  Very  little  of 
this  time  is  devoted  to  critical  analysis  of  teaching. 

Group  seminars  for  interns  focus  on  concrete  events 
(Zeichner  &  Tabachnick,  1982)  or  mastery  of  procedures 
and  management  (Lanier  &  Little,  1986).  Being  narrow  in 
focus  and  targeted  on  immediate  needs,  critical  thought 
and  reflection  are  seldom  observed  during  group  seminars 
(Liggett,  Fulwiler,  Clark,  &  Hood,  1988). 

In  summary,  research  on  the  effects  of  cUnical 
teaching  experiences  reveal  a  number  of  problems.  First, 
university  supervisors,  cooperating  teachers,  and  interns 
have  problems  communicating  and  understanding  the 
expectations  of  clinical  experiences.  Second,  the  supervi- 
sory process  does  not  seem  to  facilitate  interns*  applica- 
tions of  formal  concepts  to  the  real  world  of  teaching  or  to 
construct  meaning  from  the  everyday  practice  of  teaching. 
Third,  interns  seem  to  reject  fomiai  knowledge  acquired 
at  the  university  at  the  beginning  of  their  clinical  experi- 
ence. This  problem  may  be  linked  to  the  lack  of  commu- 
nication with  others  as  they  try  to  interpret  and  reflect  on 
classroom  events  and  construct  knowledge  structures. 
What  seems  to  be  sorely  needed  then,  are  interventions 
based  on  new  theory  and  tools. 

Application  of  Socio*Historical  Theory  and 
TelecomnrHinicotions  To  The  Clinical  Preparation 
Of  Teachers 

We  propose  that  socio-historical  theory  and 
telecommunications  have  a  great  deal  of  potential  for 
CTeating  solutions  to  many  of  the  problems  confronting 
the  clinical  preparation  of  teachers.  Socio-historical 
theory  is  associated  with  the  ideas  of  the  Soviet  school  of 
psychology.  Important  figures  of  this  school  are  L.  S. 
Vygotsky,  A.  R.  Luria,  and  A.  N.  Leontiev. 

A  fundamental  tenet  of  socio-historical  theorj'  is  that 
human  activity  is  mediated  through  tools  and  is  socially 
organized  (Lektorsky,  1984).  He  described  the  unique 
character  of  human  activity  as: 

"...joint  or  collective  activity  in  which  each  individual 
enters  into  certain  relations  with  other  persons;  as 
mediated  activity  in  which  man  places  between 
himself  and  an  external,  naturally  emerging  object 
other  man-made  objects  functioning  as  instruments  or 
implements  of  activity;  and  finally  as  historically 
developing  activity  carrying  in  itself  its  own  history." 
(p.  136-137) 

In  other  words,  tools  are  created  and  modified  by 
human  beings  as  a  way  of  connecting  to  the  real  world 
and  regulating  interactions  with  the  world,  themselves, 
and  each  other.  Each  individual  attains  consciousness  by 


engaging  in  tool-mediated  activity  which  unites  the  mind 
wifh  the  real  woi  ld  of  objects  (Ilyenkov,  1977). 

Wartofsky  (1979)  has  offered  the  idea  that  tools  are  to 
cultural  evolution  as  genes  are  to  biological  evolution. 
From  his  perspective,  axes,  hammers,  pencils,  books, 
microcomputers,  telecommunication  networks,  and  so  on 
are  examples  of  primary  or  instrumental  tools.  Secondary 
or  psychological  tools  consist  of  tools  such  as  language, 
ideas,  scripts,  and  modes  of  action. 

The  concept  of  socially  organized  activity  is  important 
for  the  construction  of  consciousness.  Consciousness  is 
formed  by  the  capacity  of  humans  to  engage  in  social 
forms  of  productive,  constructive  activity.  According  to 
Mehan  (1981)  "social  structures  and  cognitive  structures 
are  composed  and  reside  in  the  interactions  between 
people.'' (p.  81) 

Socio-historical  dieory  also  proposes  that  there  are 
two  kinds  of  concepts:  scientific,  and  everyday 
(Vygotsky,  1978).  These  concepts  have  different  origins 
and  courses  of  acquisition.  Scientific  concepts  are  not 
limi'  1  to  science.  They  also  include  knowledge  systems. 
Scientific  concepts  are  embedded  in  cultural  systems  and 
transmitted  through  schooling.  In  contrast,  everyday 
concepts  are  acquired  through  participation  and  communi- 
cation in  experiences  of  social  life.  Everyday  concepts 
begin  with  a  grasp  of  concrete  events  and  phenomena  and 
develop  by  becoming  increasingly  more  abstract  as  they 
move  "upward'*  and  are  integrated  into  knowledge 
systems.  Scientific  concepts,  on  the  other  hand,  are 
acquired  through  verbal  exposition.  They  remain  empty 
verbalisms  until  they  move  "downward"  and  make 
contact  with  concrete  objects  and  everyday  concepts. 
Most  important,  this  comparative  analysis  provides  a 
framework  for  thinking  about  moving  formal  knowledge 
to  the  level  of  meaningful  practice  and  moving  practical 
knowledge  to  the  level  of  knowledge  systems. 

Next,  the  theory  proposes  that  all  higher  psychological 
processes  and  concept:,  'appear  twice,  or  on  two  planes. 
First,  they  appear  on  the  interpsychological  plane  in  social 
processes,  shared  between  and  among  people.  Second, 
they  appear  on  the  intrapsychological  plane  as  they  are 
internalized  by  the  individual  (Vygotsky,  1978).  Thus  die 
meaning  of  objects,  events,  information,  and  other 
phenomena  is  constructed  by  social  interaction  and  exists 
in  the  collective  memory  of  social  groups. 

We  predict  Uiat  socio-historical  theory  and 
telecommunications  are  tools  tiiat  can  be  used  to  solve  die 
problems  besetting  die  clinical  preparation  of  teachers.  In 
particular,  we  predict  Uiat  cultural  genes  such  as  micro- 
computers and  teleconmiunication  networks  will  create  a 
cultural  expansion  in  die  clinical  supervision  of  teachers. 
Telecommunications  is  a  tool  which  can  mediate  human 
activity  by  affording  interactions  and  helping  constitute 
social  strucUires. 
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Applied  to  clinical  teaching,  teleconununications 
removes  the  boundaries  of  time  and  distance  in  conunuui- 
eating.  Likewise,  a  teleconununications  network  can 
enable  clinical  teaching  interns,  cooperating  teachers,  and 
university  supervisors  to:  (1)  reflect  on  their  learning,  (2) 
use  writing  as  a  tool  for  both  conununication  and  tliought, 
(3)  create  social  contacts  for  critical  analysis  and  reflec- 
tive problems  solving,  (4)  communicate  about  jointly 
addressed  teaching  problems,  (5)  mediate  activity  on 
learning  to  teach  at  distances  in  non-real  time,  (6) 
compare  their  experiences  with  others,  and  (7)  to  access 
information  sources. 

XCLINIC:  A  Teleconnmunications  Network  For 
Oinical  Teaching 

A  telecoinmunications  network  was  developed  by  the 
ASU-Public  School  Partnership,  AT&T,  Bell  South,  and 
Southern  Bell.  The  venture  is  designed  to  utilize  an 
Integrated  Systems  Digital  Network,  permitting  full 
video,  audio,  and  data  transmission  over  telephone  lines. 
Public  schools  in  the  parmership  are  equipped  with  a 
technology  room  containing  8  to  20  microcomputers  and 
a  multi -media  terminal.  Each  multi-media  terminal  is  a 
combination  of  video  input  and  receiving  devices  such  as 
cameras,  monitors,  and  video  tape  recorders.  In  addition, 
computer  peripherals  such  as  scanners,  projectors,  and 
audiographs  are  available. 

The  participants  in  XCLINIC  are  cohorts  of  students 
in  our  teacher  preparation  program,  their  cooperating 
teachers,  and  university  supervisors.  All  participants  are 
trained  in  the  use  of  e-mail  and  videoconferencing.  At  the 
present  time,  we  have  two  classes  of  Inuoduclion  to 
Teaching  students  who  participate  in  XCLINIC.  These 
students  communicate  with  each  other  and  send  fieldnotes 
to  their  professors.  Next,  two  classes  of  junior-year 
students  intern  in  classrooms  and  communicate  on 
XCLINIC.  Along  with  communicating  among  them- 
selves, they  keep  diaries  and  logs  and  they  e-mail  them  to 
their  professors.  Finally,  a  cohort  of  student  teachers  is 
placed  in  the  schools.  In  addition  to  communicating  on 
XCLINIC,  these  students  engage  in  notes  conferences  via 
e-mail  and  attend  seminars  via  videoconferencing.  In 
addition  to  the  above  activities,  the  netwcH'k  is  used  for 
normal  management  and  social  discussion. 

We  are  currently  in  the  process  of  analyzing  student 
fieldnotes,  journals,  diaries,  e-mail  activity,  and  video 
conferencing.  In  addition,  we  are  collecting  user  data 
from  students  to  determine  the  level  of  satisfaction  with 
XCLINIC.  The  papers  of  Thompson  and  Blanton  and 
Zimmerman  and  Blanton  presented  in  tiiese  proceedings 
provide  some  of  the  results  of  this  effort. 
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Learning  to  teach  is  learning  in  and  about  an  ill- 
structured  doniain.  Ideally,  learning  experiences 
for  prospective  teachers  should  focus  on  goal- 
orienled,  contextualized  activities  and  the  situation- 
specific  use  of  knowledge.  The  learning  experiences 
should  provide  multiple  perspectives  for  using  knowledge 
to  interpret  classroom  events  and  to  solve  problems. 
Unfortunately,  traditional  teacher  preparation  programs 
tend  to  provide  "handed  knowledge"  to  students  in  the 
form  of  reading  textbooks,  lectures,  and  discussions.  The 
expectation  is  that  this  knowledge  will  emerge  effortlessly 
as  teaching  skills  during  *he  clinical  teaching  experiences 
of  internships  and  student  teaching.  In  effect,  traditional 
teacher  preparation  programs  reduce  the  complexity  of 
teaching  and  present  synoptic  views  of  teaching  to  their 
teacher  trainees. 

Theoretical  Alternotives 

There  are  many  possible  alternatives  to  the  difficulties 
mentioned  above.  Two  research-based  theories  seem  to 
offer  reasonable  options,  especially  when  combined  with 
telecommunications.  The  first  theoretical  alternative  is  the 
concept  of  reflection.  Many  scholars  have  encouraged  the 
concepts  of  reflection  and  reflective  practice  in  the 
preparation  of  teachers  (Schoo,  1987;  Richardson,  1990; 
Fenstermacher,  1988;  Posner,  1989).  Reflection  enables 
us  to  consider  the  consequences  of  our  actions  in  light  of 
our  past  experiences  and  the  ideas  derived  from  our 
formal  study  of  education.  Together,  these  two  activities 
increase  and/or  accelerate  our  learning  in  contextualized 
activities  and  settings. 

The  second  theory  that  we  think  has  the  potential  for 
creating  solutions  to  many  of  the  teacher  education 
problems  is  the  socio-historical  theory  (Vygotsky,  1978; 
Lektorsky,  1984).  This  theory  proposes  that  abstract 
concepts  such  as  teaching  are  acquired  through  verbaliza- 
tion. The  meaning  we  align  with  or  give  to  our  actions, 
tlie  events  around  us,  and  the  information  we  process  is 
constructed  by  social  interaction.  A  more  complete 
description  of  socio-historical  theory  is  presented  in  a 
p2^r  by  Blanton  and  Thompson  in  these  proceedings. 

We  believe  that  constructing  activities  in  clinical,  field 
based  settings  based  on  socio-histCHical  theory  and 
reflective  practice  offers  an  exciting  possibility  for 
teacher  education,  particularly  when  we  link  those 
activities  to  microcomputers  and  telecommunication 
networks.  Telecommunications  becomes  the  tool  which 
activates  reflection  and  verbalization. 

Description  of  the  Network 

During  the  fall  1991  semester,  Appalachian  State 
University,  AT&T,  Bell  South,  Southern  Bell,  and  a 
teacher  education-public  school  consortium/partnership 
began  a  cooperative  research  venture  to  explore  applica- 
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tions  of  telecommunications  in  teacher  education.  The 
venture  is  designed  to  utilize  an  Integrated  Systems 
Digital  Network  (ISDN),  a  state-of-the-art  technology 
which  permits  full  video,  audio,  and  data  transmission 
over  normal  copper  telephone  lines  in  order  to  enhance 
teacher  education  and  public  school  education  in  western 
North  Carolina. 

In  preparation  for  this  project,  an  ISDN  switch  was 
installed  in  the  central  office  of  the  local  telephone 
service  agency  along  with  an  ethemet  in  the  College  of 
Education.  A  local  network  was  established  among  the 
university  site  and  three  public  school  sites.  Each  site  was 
equipped  with  a  technology  room,  a  multimedia  terminal, 
and  a  computer  lab  with  8-20  computers.  Each  multime- 
dia terminal  is  a  combination  of  video  input  and  receiving 
devices  (cameras,  monitors,  and  video  tape  recorders), 
microphones,  computers  and  computer  peripherals 
(scanners,  projectors,  printers).  Teachers  were  trained  in 
all  three  sites  and  university  faculty  were  trained  at  the 
College  of  Education  site  in  the  use  of  all  network 
resources. 

With  the  establishment  of  the  network,  uni\  srsity  and 
public  school  faculty  designed  a  series  of  activi  ies 
intended  to  address  (a)  the  theoretical  models  we  are 
using  as  our  base,  (b)  the  i^oblems  normally  associated 
with  supervision  at  clinical  sites  in  rural  areas,  and  (c)  the 
integrated,  daily  use  of  telecommunication  tools.  The  four 
current  activities  are: 

1 .  Daily  e-mail  journals  sent  to  supervisors. 
Journals  are  structured  to  focus  on  reflection  and  transfer 

of  learning.  Supervisors  communicate  daily  with 
interns  and/or  public  school  teachers. 

2.  Electronic  notes  conferencing  which  allows  extended 
time  and  space  for  student  or  teacher/supervisor  topics 
of  interest  or  need. 

3.  V  ideo  conferencing  betwe^in  student  interns/teachers 
and  university  supervisors  and  also  between  student 
interns  in  other  schools. 

4.  Performance  assessment  options  developed  and 
communicated  by  student  interns  via  electronic 
conferencing. 

Because  of  these  network  activities,  the  project  has 
seen  many  changes/improvements  in  what  and  how  our 
novice  teachers  learn  during  their  clinical  experience.  Due 
to  the  provisions  of  tools,  time,  and  specific  formats  that 
lead  interns  through  the  reflection  and  verbalization 
processes,  supervisors  and  cooperating  teachers  are  able 
to  respond  to  intern  behavior  and  concerns  as  they  occur 
and  provide  immediate  and  long-term  follow-up.  Teach- 
ers, interns,  and  supervisors  conduct  situation/topic 
analysis  in  contextualized  settings  at  or  very  close  to  the 
time  of  occurrence  and  work  on  reflection,  generalization, 
and  transfer.  An  entire  area  of  performance  assessment  for 


student  internship  evaluation  has  been  instituted  by 
interns  constructing  portfolios.  The  journals  and  field 
notes  are  proving  to  be  rich  sources  of  cases  for  use  in  the 
classroom  curriculum  on  campus.  And  finally,  the 
College  of  Education  uses  the  data  from  the  analyses  to 
conduct  formative  evaluations  of  various  components  in 
the  teacher  education  program. 

Evoluaiion  Research  Design 

Formative  and  summative  evaluation  research  studies 
have  been  designed  to  evaluate  the  project's  effectiveness. 
Data  are  being  collected  and  analyzed  on  all  four  project 
activities.  Our  "data"  comes  from  our  designed  telecom- 
munications acti  cities  and  consists  of  e-mail  journal 
entries  and  Held  notes,  the  dialogue  transcripts  from  notes 
conferencing,  the  transcripts  and  video  records  from  the 
video  conferencing,  and  interns'  writings  in  their  portfo- 
lios. Since  the  data  and  analyses  will  be  qualitative,  our 
research  and  evaluation  methodology  became  qualitative. 

There  are  many  types  of  qualitative  research  and  many 
different  ways  of  handling  qualitative  data.  The  desired 
result  of  our  analyses  of  the  data  is  some  type  of  higiier 
level  synthesis.  While  we  initially  work  in  the  analysis 
process  which  consists  of  breaking  information  into 
smaller  parts,  the  flnal  goal  is  the  emergence  of  a  larger, 
consolidated  picture. 

An  example  of  this  process  was  a  qualitative  analysis 
of  sequential  e-mail  entries  for  classroom  management 
"codes"  (the  analysis  component).  We  wanted  to  (a) 
determine  the  extent  our  interns  were  discussing  class- 
room management,  (b)  see  if  their  perceptions,  and  hence 
discussions,  changed  over  the  placement  period,  and  (c) 
evaluate  our  program's  curriculum  in  classroom  manage- 
ment. First,  a  content  analysis  was  conducted  to  detemiine 
both  the  number  of  entry  phrases  concerning  classroom 
management  and  how  the  terms  used  differed  across 
experience  levels  and  grade  levels.  Second,  we  conducted 
a  discourse  analysis  (van  Dijk,  1985)  or  conversation 
analysis  to  answer  questions  such  as  "how  is  discourse  on 
classroom  management  constrained  by  experience  and/or 
by  prior  knowledge?"  or  "how  is  discussion  used  to  get 
needed  information.  Third,  an  event  structure  analysis 
(Bakeman  and  Gottman,  1986)  was  conducted  to  discover 
regularities  in  the  sequence  of  events  and  any  possible 
structures  or  rules  that  were  governing  the  sequence  of 
intemctions. 

The  synthesis  of  our  data  led  us  to  the  discovery  that 
our  interns  follow  a  pattern  of  "awareness"  concerning 
classroom  management  First,  they  exhibit  almost 
complete  dismay  about  their  lack  of  experience  and 
training  in  that  area  now  that  they  see  the  problems,  and 
classroom  management  issues  were  discussed  much  more 
frequently  than  any  other  issue  during  the  first  5-8  days  of 
the  internship.  However,  except  for  isolated  incidents  or  a 
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particular  **problem**,  very  few  discussions  on  classroom 
manageoient  issues  took  place  toward  the  end  of  the 
internship.  Second,  they  look  to  others  for  immediate, 
simplistic  help  rather  than  to  their  prior,  learned  knowl- 
edge. Third,  they  begin  to  see  classroom  management  as  a 
process  of  options,  until  finally,  they  begin  using  a 
decision-making  model,  choosing  from  their  options  on 
an  individualized  basis  to  systematically  solve  their  own 
problems. 

As  we  analyzed  the  data,  this  larger  picture  of  students 
learning  about  classroom  management  emerged.  When 
we  saw  the  total  picture  and  discussed  it,  we  realized 
several  parts  of  our  curriculum  needed  to  change.  We  now 
plan  to  enlarge  the  component  for  classroom  management 
ard  include  several  strategies  for  individual,  small  group, 
and  large  group  management.  The  strategies  will  be  in  a 
resource  packet  that  student  interns  use,  not  memorize. 
We  will  use  many  case  studies  to  introduce  students  to  the 
area  and  contextualize  their  learning  prior  to  the  field 
placement,  employ  decision-making  models  within 
student  discussion  groups  in  classes  and  in  the  field,  and 
finally,  continue  to  use  teleccnnmunications  in  their 
clinical  settings. 

A  second  example  of  our  research  design  is  the 
analysis  of  the  notes  conferencing  activity.  One  series  of 
telecommunications  concerned  teachers'  uses  and 
techniques  of  questioning.  By  conducting  discourse 
analyses  and  event  striKture  analyses,  we  found  varying 
levels  of  knowledge,  expertise,  and  therefore,  discussion 
on  this  topic.  Our  socio-political  model  provided  a 
Vygotsky  par^hrase..  ."learning  is  first  a  social  activity 
before  it  is  a  cognitive  activity"  to  guide  a  program 
adaptation.  The  var/ing  levels  of  discussion,  if  structured 
appropriately,  could  produce  learning  rather  than  just 
reflect  learning.  Next  semester  there  is  a  plan  to  adapt  the 
notes  conferencing  so  that  interns,  faculty  and  public 
school  teachers  take  part  in  a  structured  series  of  enrich- 
ment (for  those  with  information  and  examples  to  share) 
and  corrective  (for  those  needing  additional  support  or 
information)  discussions. 

Our  research  design  includes  other  qualitative  and 
quantitative  methods  in  addition  to  the  examples*  uses  of 
content  analysis,  discourse  analysis,  and  event  structure 
analysis.  Other  analyses  used  or  in  the  planning  stages  to 
be  used  are: 

1.  Ethnographic  content  analysis  (Altheide,  1987)  to 
document  and  verify  the  theoretical  relationships  in 
the  project; 

2.  Evaluation  research  analyses  (Sucbman,  1967)  to 
determine  whether  any  activity  by  itself  or  in  relation- 
ship with  one  or  more  other  activities  has  the  results  it 
is  meant  to  have;  and 

3.  Educational  ethnography  (Goetz  and  LeCompte,  1984) 
to  obtain  descriptive  data  about  the  contexts,  activities, 
and  beliefs  of  interns  in  educational  settings. 
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Summary 

As  the  above  examples  illustrate,  by  using  two 
theoretical  models  for  a  guiding  activities  and  program 
adaptations  in  combination  with  telecommunications,  a 
College  of  Education  can  provide  more  goal-oriented, 

contextualized  learning  and  maintain  closer  contact  with 
students  in  their  early  field-based  learning  experiences 
than  traditional  teacher  education  programs.  Students 
combine  their  experiences  with  im?  lediale  reflection  and 
discussion  to  learn  about  the  complex  task  of  teaching. 
We  continue  to  look  for  good  and  poor  examples  of 
generalization  and  transfer  within  our  curriculum,  while 
being  guided  by  the  idea  that  small  changes  in  piactice  are 
usually  accompanied  by  larger  changes  in  thinking. 
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4  ^rTT^^^  perfonnance  of  experts,  though  not 

necessarily  perfect,  provides  a  place  to  start 
when  we  instruct  novices"  (Berliner,  1986). 
With  this  thought  in  mind,  future  teachers  are  placed  in 
classroom  settings  for  closely  guided  observations  and 
interactions  with  students  as  an  integral  part  of  their 
teacher  preparation  program.  Through  these  experiences, 
novice  teachers  are  expected  to  develop  critical  thinking 
skills,  routines,  and  professional  schemata  How  these 
beginning  teachers  think  and  the  significance  of  the 
conceptual  development  phase  of  teacher  education  are 
important  issues  (Joyce  &  Showers,  1980).  Teaching  is 
complex  and  the  nurturing  of  this  development  is  essential 
in  gaining  knowledge  about  goals,  decisions,  actions,  and 
outcomes.  As  Clark  and  Lampert  (1986)  advocated, 
"research  can  pose  questions,  but  teachers  and  teacher 
educators  must  provide  the  answers." 

To  assist  novice  teachers  in  generating  questions  and 
reflecting  on  the  experiences  of  classroom  life,  journals 
have  traditionally  been  used  (Shon,  1983, 1987).  An 
important  feature  of  journal  writing  is  feedback  that 
prompts  and  directs  further  reflection  in  the  thinking 
process.  Problems  with  these  journals  have  been: 

1)  lack  of  feeling  of  support  in  the  field  and  feelings  of 
isolation  from  peers, 

2)  need  for  collaboration  on  teaching  methods,  and 

3)  lack  of  direction  from  cooperating  instructors. 

Blanton  (1992)  noted  that  traditional  dialogue  journals 
may  restrict  student  growth.  First,  students  submit 
formulated  positions  and  may  not  receive  prompt  feed- 
back from  supervisors.  Second,  the  established  teacher/ 
student  relationship  may  inhibit  students  from  revealing 
their  opinions  and  positions  accurately  because  students 
are  constantly  attempting  to  "say  the  right  thing"  and 
"please  the  teacher." 

To  facilitate  journal  writing  and  to  explore  the 
problems  stated  above,  the  prqwsed  study  was  created.  In 
the  past  few  years  educators  and  their  students  tiave  been 
exchanging  ideas  across  computer  networks  through 
discussion  forums  (Pierce,  Glass,  &  Byers,  1991). 
Authors  have  shown  many  successes  with  these  networks 
and  also  warn  us  of  the  possible  detractors  from  this 
success.  The  clear  message  is  to  integrate  technology,  not 
inject  it,  and  to  keep  in  place  what  we  already  know  about 
teacher  training  and  add  value  with  networks  (Marker  & 
Ehman,  1989).  In  this  study,  the  concept  of  communica- 
tion was  extended  and  incorporated  into  the  clinical 
teaching  experience  of  a  group  of  sophomore  and  junior 
interns.  An  electronic  mail  (e-mail)  network  was  used  for 
interactions  among  tutors  in  the  classroom  and  supervis- 
ing professors.  Two  main  outcomes  were  desired  for  this 
study.  First,  e-mail  would  allow  quick  response  time  and 
more  frequent  exchanges  with  tutors  in  the  field,  thus 
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aiding  their  planning,  framing  of  events,  and  reflections 
on  the  teaching  process.  With  this  additional  interaction  it 
was  believed  that  feelings  of  support  would  improve. 
Second,  e-mail  journal  entries  would  allow  more  expres- 
sive, unencumbered  feelings  (Dede,  1990).  Thus,  re- 
searchers would  explore  different  physical  settings  for 
tutors  and  amounts  of  supervision. 

Procedures 

Participants  and  Setting 

Hie  future  teachers  referred  to  as  tutors  were  **teach- 
ing  fellows**  at  Appalachian  State  University,  This  group 
of  students  was  on  full  scholarship  for  high  academic 
achievement  and  their  conamitment  to  the  field  of 
education.  The  18  students  were  sophomores  and  juniors 
who  had  completed  between  40  and  115  college  level 
hours.  They  had  all  completed  at  least  one  education 
course  and  3  students  had  completed  three  education 
courses.  Half  of  the  tutors  reported  having  previous 
COTipuler  training.  These  teaching  fellows  were  placed  in 
public  schools  for  one  year  to  assist  with  academically  at- 
risk  students.  Two  groups  of  tutors  were  examined  using 
the  e-mail  system.  The  first  group  of  tutors  were  placed  in 
a  traditional  tutor  role  of  working  directly  with  the 
classroom  teacher  and  children  designated  as  at-risk 
(Group  1).  The  second  group  worked  with  students  who 
were  tested  and  labeled  at-risk  by  qualifying  for  remedial 
reading  services  (Group  2).  These  tutors  worked  directly 
with  the  Chapter  1  reading  teachers  in  the  school  and 
were  given  a  very  structured  outline  of  what  and  how  to 
teach  these  students.  In  this  structured  environment  there 
was  less  control  over  the  setting,  materials,  and  methods. 
Lesson  plans  were  written  by  experienced  teachers  and 
the  tutor's  role  was  to  follow  the  plans.  In  contrast,  the 
tutors  placed  with  classroom  teachers  were  given  subjects 
or  workbooks,  but  no  specific  plans  on  how  to  teach. 

Evaluation 

Participants  were  asked  to  write  e-mail  entries  at  least 
once  a  week.  Suggested  guidelines  for  journal  writing 
were  stated  as: 

1)  a  heading  (date  and  Ume  of  experience), 

2)  observations  of  episode, 

3)  elaboration  of  one  or  two  significant  events  (including 
framing  the  event  and  reflecting  on  the  event),  and 

4)  general  reflections  (comments  about  planning, 
teaching  and  yourselO. 

These  entries  were  responded  to  on  a  daily  basis  by 
the  supervising  faculty  member.  Careful  records  of  all  e- 
mail  transactions  were  kept  for  later  analysis.  This 
analysis  was  made  in  several  ways.  First,  a  survey  was 
distributed  to  all  participants  to  look  at  attitudes  of  using 
e-mail,  advantages  and  disadvantages,  and  areas  where 


feelings  of  effectiveness  and  ineffectiveness  were  found. 
Second,  entries  were  coded  and  analyzed  for  individual 
similarities  and  differences  regarding  perceptions, 
opinions,  and  attitudes  related  to  teaching  issues  by 
employing  the  principles  of  the  comparative  method. 
Third,  journal  entries  were  analyzed  for  comparisons  and 
contrasts  between  ttitoring  groups.  These  comparisons 
included: 

1)  a  case  analysis  to  examine  the  most  frequently 
reported  events  of  concern, 

2)  evaluation  of  experiences  (structured  versus  less 
structured),  and 

3)  differences  between  the  two  groups  of  observations 
and  reflections. 

Results 

Analysis  of  Survey 

As  a  group,  all  of  the  tutors  responded  to  a  survey 
which  reviewed  the  effectiveness  of  the  e-mail  journal 
writing  system.  Tutors  were  asked  to  rate  items  on  a 
continuum  from  least  effective  to  most  effective.  The 
three  items  which  Uitors  rated  as  most  effective  were: 

1)  receiving  moral  support, 

2)  developing  a  broader  perspective  on  teaching,  and 

3)  understanding  problems  in  teaching. 

The  other  items  were  rated  similarly  as  being  effec- 
tive. 

These  included: 

1)  fulfilling  course  requirements, 

2)  reflecting  on  philosophy  of  education, 

3)  sharing  teaching  techniques, 

4)  improving  classroom  techniques,  and 

5)  reflecting  on  teaching. 

Differences  were  found  between  the  groups  of  tutors. 
Group  1  responded  that  e-mail  was  most  effective 
developing  a  broader  perspective  on  teaching  and 
fulfilling  requirements.  They  found  it  least  effective  for 
improving  classroom  techniques.  The  responses  from 
Group  2  were  similar  to  the  total  tutor  responses. 

The  comfort  level  of  tutors  was  also  questioned 
pertaining  to  computers  and  e-mail  at  both  the  beginning 
and  the  end  of  the  semester.  The  level  of  both  groups 
raised  from  an  average  of  4  to  5  on  a  7-  point  ccHnfoft 
range.  Students  commented  that  e-mail  helped  them  focus 
on  the  important  things  that  they  had  learned,  it  made 
responding  quick  and  easy,  allowed  reflection,  became  a 
great  personal  tool,  and  helped  closely  monitor  the 
environment.  On  the  other  hand,  responses  included 
criticisms  of  the  system  such  as:  inconvenience,  lack  of 
typing  skills,  inaccessible  computers,  computer  screens 
difficult  to  edit,  time  consuming  use  of  computers,  and 
duplication  of  journal  entries.  Positive  comments  and  a 
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high  comfort  level  witli  e-mail  were  positively  related. 
Half  of  the  tutors  stated  that  e-mail  should  be  a  choice, 
not  a  requirement. 

Analysis  of  Journal  Entries 

There  were  108  entries  to  analyze  from  the  18  uitors. 
The  most  commonly  reported  events  of  concern  for  all 
tutors  were  categorized  into  three  areas: 

1)  academics, 

2)  behavior,  and 

3)  teaching  skills. 

Seven  entries  expiessed  concern  for  students  with  regard  to 
specific  probkms  with  reading,  niath,  aiKi  hcxiiework  sk^ 
Twenty-four  entries  stated  that  students  were  having  pft>blems 
with  behavior.  The  most  frequently  rgwrted  concern  was  with 
motivation  foUowed  by  off-task  behavwrs.  Hie  concern  of 
needing  additional  teaching  methods  for  their  students  was 
presented  eleven  times.  These  desires  for  additional  training 
included  areas  of  reading,  motivation,  lack  of  progress, 
frustration,  and  off-task  behavior. 

Upon  reviewing  the  groups  of  tutors,  there  were  some 
definite  differences  in  what  was  reported  by  tiiese  groups. 
Group  2  was  much  more  predictable  in  what  was  going  to 
be  stated  in  the  journal  entry.  Descriptions  of  academics 
and  procedures  were  more  dominate.  Most  entries  stated 
the  times  they  had  tutored,  who  tiiey  worked  witii  and 
specific  reading  skills,  such  as  word  attack  skills  that  tiiey 
had  dealt  with.  They  all  followed  tiie  format  of  oral 
reading,  questioning,  word  attack  activities,  and  listening 
to  reading  by  the  tutor.  Group  1  listed  more  broad  subject 
areas  in  which  tiiey  had  tutored,  such  as  history,  algebra, 
and  reading.  Characteristics  of  students  were  equally 
reported  by  both  groups,  as  was  reporting  about  teachers 
and  teaching  styles.  Differences  were  also  seen  in  tiie 
areas  of  behavior  aiKl  progress.  Group  2  reported  aca- 
demic progress  much  more  frequentiy  tiian  did  Group  1, 
whereas.  Group  1  repented  behavior  concerns  at  a  higher 
rate  than  did  Group  2.  As  far  as  progress  made.  Group  2 
reported  mcH'e  in  behavior  and  academics  and  Group  1 
made  more  future  predictions  such  as,  "I  will  continue  to 
have  hope  and  a  positive  attitude**  and  "I  am  gaining  more 
patience.**  More  tutors  in  Group  1  reported  tiiatthey 
graded  papers,  played  witii  ccMnputers,  organized  flash 
cards  and  had  less  direct  interaction  witii  students  than 
Group  2.  One  of  the  tutcws  in  Group  1  expressed  concern 
with  tiie  level  of  communication  witii  their  supervising 
teacher.  Group  2  never  expressed  Uiis  concern. 

There  were  five  entries  which  cited  either  education 
classes  or  articles  o:.  education  in  tiiem.  Two  referred  to 
information  on  cooperative  learning  and  one  dealt  with 
homew(X'k,  all  discussed  in  education  classes.  Two 
journal  entries  referred  to  articles  on  reading  miscues  and 
teaching  strategies. 


Discussion  and  Implications 

Results  showed  mixed  reactions  of  tutor  opinions  on 
effectiveness  of  using  e-mail  for  reflecting  on  teaching 
but  overall  tiiey  gave  it  high  marks  as  a  way  to  effectively 
develop  a  broader  perspective  on  teaching.  It  is  not 
surprising  that  comfort  level  of  using  computers  and 
mail  was  positively  correlated  with  positive  feelings 
toward  using  e-mail.  For  at  least  half  of  these  participants, 
tins  was  the  fwA  time  that  they  had  used  computers.  With 
added  time  on  computers,  some  of  these  negative  feelings 
may  be  reversed. 

Two  major  consequences  resulted  from  this  research. 
First,  differences  were  found  in  placement  for  tutors.  The 
journal  entries  were  very  different  in  content  from  one 
setting  to  the  other.  This  is  very  useful  information  for 
placing  students  in  classrooms  to  optimize  the  tutoring 
experience.  If  the  goal  of  the  tutoring  situation  was  to  deal 
with  behavior  problems,  the  unstructured  setting  would  be 
preferable.  If  acadenucs  was  the  goal,  then  participants 
should  be  placed  in  the  very  structured  setting.  Two  facts 
should  be  noted  here  that  pertain  to  these  differences. 
Group  2  worked  with  second  grade  students  while  Group 
1  worked  with  elementary  and  nuddle  school  aged 
students.  The  at-risk  label  given  sbidents  worked  witii  by 
tutors  in  Group  1  may  have  been  chosen  for  behavior 
problems  more  Oian  academics,  whereas,  we  know  that 
the  second  grade  students  were  chosen  on  the  basis  of 
their  acadenuc  skills. 

Second,  there  were  not  many  references  to  a  variety  of 
teaching  procedures  in  eitiier  group's  journals.  Does  tiiis 
reflect  on  the  effectiveness  of  the  introduction  to  teaching 
course  or  is  it  further  proof  of  the  difficulties  of  correlat- 
ing coursework  to  teaching?  Additional  training  will  be 
needed  to  answer  tutws*  concerns  on  reading,  motivation, 
lack  of  progress,  and  off-task  behaviors.  Future  education 
courses  need  to  be  reevaluated  to  supply  this  information. 
We  as  teacher  educators  need  to  make  sure  our  students 
experience  all  aspects  of  teaching  while  they  are  novice 
teachers. 

Implications  for  future  research  in  teacher  education 
and  network  technology  include  answering  the  questions 
posed  above  and  looking  into  new  areas  such  as:  varied 
formats  for  journal  entries,  journal  entries  versus  field 
notes,  fcMmative  entries  in  comparison  to  summative 
entries,  and  varied  feedback  and  its  effects  on  e-mail  use. 
The  field  of  network  technology  is  just  beginning  to 
explore  the  possibilities  of  this  tool  in  education.  This 
project  was  a  first  step  in  employing  telecommunications 
to  engage  preservice  teachers  in  conversing  about  and 
reflecting  on  teaching. 
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The  Appalachian  Distance 
Learning  Project: 
A  national  demonstration 
project  in  collaborative 
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The  Appalachian  Distance  Learning  Project  (ADLP) 
is  a  collaborative  effort  between  Ohio  Bell/ 
Ameritech,  GTE  North,  The  Public  Utilities 
Commission  ot  Ohio  (PUCO),  Athens  City  School 
District,  Dawson-Bryant  Local  School  District,  Ironton 
City  School  District,  and  the  Ohio  University's  College  of 
Education.  This  collaboration  was  establisbe  to  bring 
about  education  reform.  Through  the  use  of  fiber  cities 
and  two-way  full  motion  video  technology,  preservice  and 
inservice  educators,  professors,  technicians,  and  adminis- 
trators have  the  opportunity  to  provide  third  grade 
students  at  three  elementary  schools  in  Southeastern  Ohio 
a  multi-interactive  distance  learning  environment  Tbis 
environment  allows  all  parties  concerned  to  imfH-ove  their 
pedagogical  skills,  and  to  use  technology  as  an  enhance- 
ment tool  within  existing  curricula. 

In  the  ADLP,  technology  underpins  the  curriculum 
through  collaboration,  cooperation,  and  conmmnication  in 
an  environment  where  videodiscs,  computers,  and 
classrooms  linked  through  fiber  optic  networks  are 
commonplace.  A  graphic  representation  of  this  project  is 
fourC's  (curriculum,  collaboration,  cooperation,  and 
communication)  supported  by  a  T  (technology). 

The  Rrst  0— Curriculum 

The  traditional  curriculum,  which  consists  of  a  course 
of  study  with  a  list  of  facts  to  be  memorized  with  the 
teacher  as  the  chief  information  giver,  does  not  instill  a 
need  to  utilize  current  technologies  to  assist  in  data 
collection,  and  places  the  learner  in  a  passive  role.  This 
approach  will  do  little  to  force  educational  reform,  even 
when  transported  to  a  distance  learning  environment  The 
ADLP  mandates  the  reconceptualization  of  current  views 
of  curriculum — content  and  delivery.  The  students  will 
interact  with  one  another  over  the  fiber  optic  lines  in 
small  groups  of  five  ot  six.  One  cannot  simply  transport 
the  current  thinking  on  curriculum  into  this  type  of 
environment.  In  the  ADLP  classrooms  the  learners  play 
an  active  role  due  to  their  constant  interaction  with  the 
technologies  available.  This  shift  in  the  role  of  the  learner 
will  create  a  need  to  change  teaching  methods.  This 
project  proposes  the  following  for  curriculum: 

1)  The  teacher  is  regarded  as  a  facilitator. 

The  student  takes  on  greater  responsibility  for  learn- 
ing. Knowledge  is  constructed  through  common, 
shared  experiences  between  the  learners. 

2)  Hands-on/minds-on,  interactive,  grade  level  appropri- 
ate lessons  will  be  designed. 

This  environment  encourages  student  centered 
exploration  first,  where  the  student  engages  in  process 
skills  to  manipulate  materials  to  come  to  an  under- 
standing of  a  concept  After  student  exploration,  the 
teacher  engages  in  questions/  answers,  or  discussion 
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Figure  1.  The  "Four-C^  Project  Logo 


with  the  students,  so  that  together  the  concept  can  be 
invented.  A  student  centered  expansion  activity  is 
planned  to  reinforce  the  concept  leamed. 

3)  Assessment  methods  for  evaluating  student  perfor- 
mance which  are  consistent  with  the  goals  of  the 
ADLP  have  been  created. 

The  states  of  California  and  Texas  are  piloting 
assessment  programs  which  incorporate  a  hands-on, 
pictorial,  and  reflective  component.  The  state  of 
Vennont,  through  portfolio  assessment,  is  encouraging 
assessment  which  requires  the  students  to  engage  in 
more  critical  thinking  processes  like  analysis  and 
synthesis  of  information.  Teachers  involved  in  projects 
designed  to  enhance  the  quality  of  teaching,  particu- 
larly ii?  science  and  mathematics  such  as  the  Lead 
Teacher  Project  from  Ohio  University  m  Athens,  have 
found  that  student  achievement  in  activity  based 
classrcKMns  showed  marked  improvemertt  when 
assessment  was  designed  to  include  a  hands-on 
portion,  a  pictorial  portion,  and  a  set  of  questions 
which  caused  the  student  to  apply  the  concept  taught. 
In  the  distance  learning  environment,  a  multi-faceted 
^proach  to  assessment  such  as  this  wiU  give  a  more 
accurate  picture  of  the  progress  at  hard. 

4)  As  the  teachers  become  more  adept  at  creating  lessons 
in  a  distance  learning  environment,  eventually  their 
preparation  will  expand  to  include  approaches  for 
integrating  content  areas. 

Approaching  curriculum  in  this  manner  brings  about 
several  other  changes  in  the  usual  way  "business"  is 
conducted.  The  active  learner  can  be  expected  to  do 
several  tasks  in  this  type  of  environment  to  facilitate 
learning.  Some  of  these  include  things  such  as: 


1)  Concept  Mapping 

In  the  Ai^alachian  Distance  Learning  Project,  where 
learners  at  the  various  sites  come  from  culturally 
diverse  groups,  concept  maps  become  tools  for 
CTcating  meanmgs  between  these  students.  A  concept 
like  "strip  mining"  at  one  school  site  may  connote 
"degradation**  and  "destruction"  of  the  land.  At 
another  site  the  students  see  these  words  as  "jobs"  or 
"economic  growth  "  Concept  mapping  helps  the 
students  realize  that  the  word  itself  does  not  create  the 
concept,  it  is  simply  a  label  for  the  concept. 

2)  Group  Leammg 

In  the  distance  learning  environment,  students  at 
different  sites  work  together  to  create  concepts,  share 
experimental  findings,  and  engage  in  discussions  of 
activities  performed.  Assessment  can  be  based  on  the 
progress  of  the  entire  group.  This  cooperative  group 
learning  promotes  positive  mterdependence,  how  weU 
they  work  together  is  one  criteria  for  receiving  a 
favorable  grade.  As  the  students  continue  to  share 
information  and  learn  from  one  another,  the  cultural 
barriers  which  exist  between  the  different  sites  based 
on  ethnic  group,  sex,  or  handicap  soon  begin  to 
disappear. 

3)  Diary 

The  distance  learning  setting  enhances  the  value  of 
concepts  leamed  when  the  students  are  asked  to  reflect 
on  how  the  concept  leamed  effects  them  personally. 
Asking  the  students  to  keep  a  diary  of  their  reflections 
helps  create  Imks  between  subject  content  and 
personal  growth  —  something  rare  in  a  traditional 
setting.  Using  the  technology  available  in  the  class- 
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room,  computers  networked  between  school  sites,  the 
students  share  their  reflections  with  one  another  and 
use  concepts  developed  as  points  of  further  discussion 
or  inquiry. 

The  traditional  role  of  the  teacher  is  expanded  in  the 
ADLP.  A  teacher  in  the  distance  learning  classroom  has 
many  roles  to  fill.  Not  only  does  the  teacher  need  to 
understand  how  to  use  the  technologies  available,  and  to 
plan  appropriate,  activity  based  lessons  for  this  type  of 
environment,  but  also  needs  to  provide  inservice  educa- 
tion to  prepare  other  teachers  to  be  successful  in  this 
environment.  They  need  to  develop  networks  between 
teachers  within  their  building  and  at  other  sites  to  share 
materials  and  equipment.  Preparing  programs  to  gain 
community  support  for  an  activity  based,  interactive, 
technology  driven  classroom  also  becomes  part  of  their 
",ponsibility. 

Ihe  Second  C— Colloborotion 

As  noted  previously,  the  Applachain  Distance 
Learning  Project  promotes  increased  collaborative  efforts 
between  many  members  of  the  educational  arena.  The 
students  involved  in  this  project  may  become  the  scien- 
tists, engineers,  and  mathematicians  of  tomorrow.  They 
will  be  shying  the  world  in  the  twenty-first  century.  The 
curricular  changes  brought  about  by  this  collaborative 
effort  will  shape  the  kind  of  culture  we  see  tomorrow. 
Knowledge  and  attitudes  are  affected  by  this  collaborative 
effort. 

The  ADLP  allows  for  student  initiated  research.  In  a 
collaboration  the  students  at  the  various  sites  can  focus  on 
a  problem.  As  the  students  at  the  three  sites  collaborate  in 
cooperative  teams  to  solve  problems,  the  teacher  remains 
a  facilitator.  Students  concentrate  their  efforts  on  sharing 
local  resources  to  help  solve  the  problem.  Groups  from 
the  three  sites,  which  quickly  solved  the  initial  problem, 
and  are  encouraged  to  pursue  more  advanced  problems. 

In  the  ADLP  while  the  role  of  the  teacher  is  one  of 
facilitator,  the  amount  of  work  to  keep  all  of  the  mterac- 
tive  groups  flowing  smoothly  has  more  than  tripled  the 
traditional  tasks  of  the  teacher.  Parents  can  become  part  of 
this  collaboration  by  volunteering  to  work  in  the  class- 
room as  an  aide.  Teachers  can  facilitate  this  collaboration 
by  providing  training  sessions  to  prepare  the  volunteers. 
The  parents  can  assist  by:  providing  an  extra  pair  of  hands 
during  activities;  preparing  matcnais  for  each  of  the 
groups;  helping  students  having  difficulties  to  manipulate 
the  materials  to  safely  and  successfully  complete  the 
activity;  organizing  clean-up,  and  supervising  the  return 
of  materials;  and  participating  in  field  trips  (Pearknan  & 
Pericak-Spector,  1992). 

Practicing  professionals  can  play  an  important 
collaborative  role  in  a  distance  learning  environment. 


Inviting  professionals  into  the  classroom  adds  a  new  point 
of  view  to  a  concept,  is  a  way  of  making  the  concept  more 
relevant  with  first-hand  experience,  and  serves  as  a  source 
for  career  information* 

The  niird  Cooperation 

Cooperation  is  a  key  component  in  the  Appalachian 
Distance  Learning  Project.  As  educational  reform 
continues  teachers  are  beginning  to  see  the  importance  of 
creating  activity-based,  inquiry  oriented  lessons.  The 
interactive  nature  of  the  distance  learning  environment 
necessitates  the  creation  of  activity-based  lessons  to 
promote  greater  exchange  between  the  sites.  From  pilot 
tests  of  lessons  designed  for  the  ADLP,  it  has  been  found 
that  although  the  students  are  coming  from  classrooms  in 
which  science  activities  have  exposed  them  to  science 
process  skills,  they  lack  the  cooperative  skills  necessary 
to  achieve  group  consensus  on  particular  concepts. 
Cooperative  learning  skills  are  incorporated  into  this 
project  to  enhance  the  interactive  experience,  decrease 
competitiveness,  and  to  promote  a  collaborative  view  of 
all  subject  areas. 

The  Fourth  C— Cornmunlcotion 

Technology  has  changed  the  way  people  communicate 
with  one  another.  Computers,  fax  machines,  electronic 
mail,  voice  mail,  and  teleconferences  have  reduced  the 
need  to  travels  hundreds  of  miles  to  share  information. 
Effective  communication  is  not  ignored  in  this  project. 
Successful  use  of  the  technologies  available  make  it 
imperative  to  create  lessons  which  encourage  the  students 
to  utilize  as  many  of  the  existing  forms  of  communication 
as  possible.  Communication  is  a  key  element  in  many 
important  discoveries.  The  recent  cold  fusion  debate 
illustrated  the  need  for  effective  communication  among 
the  scientific  community.  Claims  of  cold  fusion  were 
found  to  be  unsubstantiated  when  other  scientists  through- 
out the  world  were  unable  to  duplicate  this  work  after 
they  were  given  information  about  the  methods  used. 

When  science  is  viewed  as  a  private  matter  conducted 
by  independent  scientists  throughout  the  world,  sharing  of 
information  and  solutions  to  problems  like  cancer  and 
AIDS  are  slow  to  arrive.  Private  science  perpetuates  the 
myth  of  the  scientist  working  alone  in  a  room  filled  with 
smoking  test  tubes.  This  project  creates  the  need  for  the 
learners  to  communicate  with  one  another  to  create  a 
science,  mathematics,  social  studies,  or  any  other  subject 
area  concept.  As  these  learners  come  to  realize  that 
learning  can  be  a  cooperative  undertaking,  the  traditional 
stereotypes  often  associated  with  professionals  in  various 
career  areas  will  soon  begin  to  crumble. 

The  interactive  nature  of  this  project  is  also  designed 
to  conununicate  the  need  for  change  to  a  more  activity- 
based,  inquiry-oriented  classroom.  Many  teachers  claim 
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that  this  type  of  approach  is  not  possible  Jue  to  lack  of 
materials  and  equipment  There  are  schoois  in  which 
equipment  needs  are  met,  yet  the  materials  sit  unused. 
Communicating  ways  in  which  materials  can  be  used  to 
enhance  learning  is  an  important  part  of  this  project.  This 
project  is  designed  to  incorporate  as  many  of  the  existing 
technologies  into  the  educational  experience  as  possible, 
to  evaluate  their  effectiveness  in  enhancing  science 
achievement,  and  sharing  the  results  with  other  educators 
through  many  different  communication  networks. 
Instructional  videos,  slide  presentations,  and  journal 
articles  are  just  a  few  ways  in  which  this  information  can 
be  shared. 

The  Bos0  T:  Tachrwiogy 

**He  that  will  not  apply  new  remedies  must  expect  new 
evils,  for  time  is  the  greatest  innovator." — ^Francis  Bacon 
(1561-1626). 

The  effectiveness  of  technology  in  the  classroom  has 
been  debated  for  years.  Can  computers  really  free  teachers 
so  that  they  will  have  the  extra  time  to  work  one-to-one 
with  that  child  who  needs  special  attention  to  excel? 
Teachers  have  not  been  adequately  prepared  to  teach  their 
subject-matter  and  implement  technology.  Cost  factors 
and  the  fear  of  using  a  machine  to  teach  have  also 
impeded  its  proliferation.  The  early  efforts  in  designing 
computer  systems  that  would  allow  teachers  to  share 
software  and  do  so  inexpensively  worked  to  a  limited 
degree.  However,  we  are  entering  a  new  age  of  technol- 
ogy whereby  teachers  can  design  their  own  software 
without  using  progranmiing  languages.  Computers 
cunently  control  various  delivery  systems  which  can  be 
used  to  deliver  a  multitude  of  media  types  for  learners  of 
diverse  populations.  Through  the  cooperative  efforts  of 
business  and  universities  to  work  with  our  schools,  and 
the  cost  of  technology  becoming  more  affordable,  we 
have  opened  avenues  and  learning  opportunities  that  were 
once  unaffordable  to  some  school  districts. 

The  ADLP  is  establishing  paradigm  shifts  that  require 
innovative  and  creative  approaches  to  teaching  and  the 
preparation  of  future  teachers.  Preservice  education 
curricula  are  expected  to  provide  preservice  educators 
with  skills  which:  allow  them  to  become  experts  in 
pedagogy  and  their  subject-matter;  design  syllabi  to  meet 
the  needs  of  below  average,  average,  and  above  average 
students;  design  syllabi  and  lesson  plans  geared  toward 
special  education  students  and  culturally  diverse  student 
populations.  The  demand  to  enhance  these  skills  for 
preservice  educators  is  magnifying.  As  a  shift  in  teacher 
perspectives  and  the  preparation  of  preservice  educators 
occurs,  the  ADLP  puts  technology  in  the  hands  of  the 
third  grade  students.  The  interactive  distance  learning 
classroom  is  designed  to  develop  process  skills,  enhance 
the  student  ability  to  think  critically,  solve  problems,  and 


make  sound  decisions  concerning  problems. 

A  technology  based,  activity  oriented,  interactive, 
distance  learning  environment  requires  the  teachers  to 
assume  the  role  of  facilitator  of  information,  "subject 
matter  specialists."  The  students  share  in  the  classroom 
management,  by  taking  a  more  active  role  in  making 
decisions  for  their  learning.  The  technologies  do  not 
become  sunply  means  for  recovering  information,  but 
actually  reinforce  the  notion  of  education  as  a  verb,  one  of 
"discovery  rather  than  recovery."  The  technologies  serve 
as  a  support  for  the  curriculum.  Collaboration,  coopera- 
tion, and  communication  bring  about  successful  experi- 
ences in  an  interactive  distance  learning  classroom. 
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Dale  and  Maggie's  most 
excellent  adventure: 
Designing  a  technology 
course  to  be  delivered  via 
interactive  compressed 

video 

Maggie  Austin 
University  of  Wyoming 


How  We  Arrived  Here  and  What  We  Are  Doing 

The  College  of  Education  at  the  University  of 
Wyoniing  has'a  working  partnership  with  public 
schools  throughout  the  state.  The  purpose  of  the 
partnership  is  to  simultaneously  restructure  schools  and 
teacher  education.  One  of  many  benefits  of  the  partner- 
ship is  to  be  eligible  for  grants  from  U.S.  West  to  develop 
and  deliver  courses  over  the  University's  interactive 
compressed  video  network.  The  grants  are  awarded  to 
joint  teams  of  partnership  public  school  teachers  and 
College  of  Education  faculty.  Dale  Parker,  a  local  high 
school  social  studies  teacher,  suggested  that  he  and  I  write 
a  grant  proposal  to  design,  develop,  and  deliver  a  technol- 
ogy course  for  teachers  in  the  state.  Our  proposal  was 
accepted,  and  we  began  work  early  this  semester  (Fall, 
1992). 

This  project  is  a  departure  from  my  normal  modus 
operandi  in  two  major  respects:  I  am  developing  and  will 
eventually  be  teaching  the  course  as  part  of  a  team  rather 
than  by  myself,  and  the  medium  of  delivery  will  be 
interactive  compressed  video  rather  than  face-to-face 
instruction.  Many  of  my  ideas  about  teaming  and  about 
compressed  video  have  changed  through  the  process  of 
designing  this  course.  I  have  learned  about  the  synergy  of 
teamwork.  I  have  also  learned  about  myriad  issues,  both 
institutional  and  technical,  that  surround  distance  educa- 
tion. Attempting  to  teach  a  hands-on  technology  course 
when  you're  only  connected  to  other  sites  by  compressed 
video  and  audio  has  obvious  obstacles.  Some  of  the 
problems  we  face  have  turned  out  to  be  advantages  in  the 
long  run.  Certainly  an  awareness  of  the  issues  is  essential 
for  anyone  embarking  on  a  similar  project. 

Our  course  has  some  persistent  and  unique  challenges 
because  it  is  a  technology  course.  Our  goal  is  to  teach 
teams  of  teachers  throughout  the  state  how  to  use  technol- 
ogy to  break  down  subject-area  barriers.  We  plan  to  teach 
them  how  to  use  technology  tools  like  personal  comput- 
ers, video  cameras  and  CD  ROMs  to  develop  interdisci- 
plinary units  for  their  students.  Further,  we  will  expect 
teachers  to  think  in  terms  of  developing  a  prototype  or 
model,  so  that  their  students  can  ultimately  become 
developers  and  deliverers  of  interdisciplinary  projects. 
We  also  hope  to  prepare  teachers  for  and  support  them 
through  the  changes  that  come  as  a  result  of  teaching  in  a 
technology-rich  environment. 

The  purpose  of  this  paper  is  to  describe  our  progress 
so  far  in  the  following  three  areas: 

1.  fostering  and  supporting  teachers'  technology  integra- 
tion, 

2.  working  effectively  as  team  members,  and 

3.  discovering  the  possibilities  and  limitations  of  our 
mode  of  delivery,  interactive  compressed  video. 

The  first  area,  fostering  and  supporting  teachers' 
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tecbnoiogy  integration,  is  essentially  our  course  content. 
The  second  and  third  relate  more  to  course  development 
and  delivery  issues. 

How  to  fwfof  and  Support  Classroom 
Technology  Integration 

The  culture,  spirit,  and  atmosphere  of  the  classroom 
change  when  teachers  and  students  use  computer  tools 
effectively  in  teaching  and  learning.  The  abiUty  for  users 
to  access  and  process  information,  to  allow  modeling  and 
creativity,  and  to  free  the  imagination  to  enhance  the 
learning  process  comes  with  these  tools.  These  capabili- 
ties allow  computer-using  teachers  to  become  co- 
explorers  with  their  students  rather  than  being  merely 
dispensers  of  knowledge  (Goodson,  1989).  Our  team 
wresded  with  the  question,  "What  kind  of  tools  and  skills 
do  teachers  need  to  fully  exploit  the  power  of  technol- 
ogy?" 

Criswell  (1989)  states  that  teachers  need  pracUcal 
experience  integrating  computers  into  classrooms.  He 
further  recommends  that  training  for  teacher-education 
instructors  should  be  developed  that  will  permit  them  to 
appropriately  model  the  use  of  computers  in  classro<Mns 
as  an  instructional  Cool.  This  practice  would  support  the 
integradon  of  computers  into  the  learning  process  as  a 
whole  and  provide  a  much -needed  model  for  pre-service 
teachers.  This  is  a  philosophy  with  which  our  team  is  in 
complete  agreement. 

Our  challenge,  in  this  course  then,  is  to  model 
appropriate  technology  integration  and  to  prepare  teachers 
for  new  roles.  Along  with  experiencing  a  good  model, 
teachers  also  need  the  practical,  hands-on  instruction 
necessary  to  use  technology  in  its  most  powerftil  way. 
After  the  initial  learning  and  development,  follow-up 
support  is  cridcal.  Farley  (1992)  recommends  post- 
training  consultation  and  reinforcement  of  individuals  and 
small  groups  of  teachers  until  the  novice  develops  into  an 
experienced,  effective  user  of  technology.  This  is  where  a 
problem  with  the  compressed  video  system  worked  to  our 
advantage. 

We  were  initially  committed  to  teach  our  course 
during  the  spring  semester,  but  die  network  was  booked  to 
capacity.  Our  network  serves  community  colleges  and 
state  government  entides  as  well  as  the  university,  and 
scheduling  is  a  problem.  As  we  wondered  wheUier  to 
offer  our  course  during  the  summer  or  fall  terms,  we  came 
up  mth  what  we  Uiink  is  a  better  alternative  to  either  one. 
We  will  offer  our  course  during  both  summer  and  fall 
tenns.  That  is,  teachers  will  begin  dieir  initial  instruction 
and  planning  during  die  summer  when  diey  are  likely  to 
have  more  time  to  explore  and  learn  to  use  new  tools. 
They  will  work  in  teams  to  design  and  develop  interdisci- 
plinary units.  Then  during  die  fall,  we  will  meet  to 
provide  support  and  reinforcement  of  dieir  new  skills  and 


to  allow  teachers  dme  to  teach  dieir  own  classes  using 
dieu*  interdisciplinary  units.  Later  we  will  meet  again  to 
discuss  their  teaching  and  technology  experiences.  We 
feel  diat  by  extending  instrucdon  and  support  over  time, 
we  will  opUmize  the  learning  and  integration  of  new 
skills. 

In  our  proposal,  we  targeted  secondary  teachers  as  die 
audience  for  our  course  because  we  feci  diey  are  a  group 
in  need  of  breaking  down  subject-area  barriers.  We  were 
encouragfxl  to  depart  from  diis  diinkmg  by  a  colleague 
who  teaches  elementary  mediods  courses.  This  colleague 
felt  diat  elementary  teachers  could  benefit  from  our 
objecUves  just  as  much  as  secondary  teachers.  We  agreed 
diat  there  is  no  real  reason  to  limit  our  audience  since 
each  team  of  teachers  will  be  developing  and  teaching 
dieir  own  units  anyway.  We  also  decided  diat  teachers 
must  enroll  in  our  course  widi  a  parmer-colleague  who 
will  co-develop  and  team-teach  their  units.  Our  plan  is 
diat  two  secondary  teachers  in  two  different  subject-areas 
or  two  elementary  teachers  will  combine  forces  to  teach 
dieir  units.  They  will  Oien  have  a  built-in  mutual  support 
system. 

Teamwork 

Jointly  writing  die  grant  proposal  was  die  first  step  in 
diis  teamwork  exercise.  Actually,  our  proposal  was 
written  by  one  team  member  and  dien  revised  by  die 
odier.  Hence,  die  proposal  really  wasn*t  a  coUaboraUon  in 
die  tniest  sense  of  die  word.  However,  bodi  of  us  were 
busy  as  die  deadline  neared,  and  we  were  bodi  satisfied 
widi  die  finished  product.  As  soon  as  die  proposal  was 
accepted,  we  met  to  discuss  die  guidelines  of  die  grant 
widi  die  grant  administrator.  We  agreed  to  make  all 
decisions  relative  to  die  grant  joindy.  Our  first  joint 
decision  was  to  choose  anodier  teacher  to  join  our  team, 
because  Dale  and  I  are  bodi  located  in  Laramie.  One  of 
die  requirements  of  die  grant  is  to  develop  the  course  over 
compressed  video.  Wc  needed  at  least  one  team  member 
at  a  remote  site.  Our  administrator  encouraged  us  to 
choose  more  than  one  teacher  at  more  than  one  site,  to  be 
able  to  fully  explore  die  compressed  video  capabilities 
during  the  course  development  process.  We  decided, 
however,  that  having  more  dian  three  of  us  working  as 
developers  and  instructors  would  be  too  cumbersome  to 
be  practical. 

Our  grant  administrator  called  for  applications  from 
teachers  in  die  state  to  join  teams,  and  die  response  was 
good.  We  had  many  excellent  teachers  from  which  to 
choose,  but  we  chose  Jim  Rogers,  whose  technology 
background  is  particularly  strong.  He  is  his  school 
district*  s  Technology  Coordinator.  We  felt  his  expertise 
would  be  vital  as  we  explored  ways  to  deliver  the  course 
over  die  compressed  video  system.  He  travels  about 
twenty  miles  from  Green  River  to  the  compressed  video 
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site  in  Rock  Springs,  which  is  about  200  miles  from  the 
University.  Philosophically,  Jim  has  strong  convictions 
about  the  place  of  technology  in  schools  which  closely 
match  our  own. 

As  soon  as  our  team  grew  to  lliree  members,  we  began 
to  feel  tlie  need  to  be  more  structured  in  our  meetings.  We 
also  had  to  schedule  the  compressed  video  network  early 
in  the  semester  for  our  development  meetings.  The  only 
time  the  three  of  us  were  free  when  the  network  was 
available  turned  out  to  be  over  the  lunch  hour  one  day  a 
week.  Having  a  weekly  meeting  has  been  a  good  develop- 
ment tool.  It  gives  each  of  us  time  to  reflect  on  issues  and 
And  answers  to  questions  that  come  up  each  week. 

Initially,  we  spent  a  lot  of  time  experimenting  with  the 
cameras  and  equipment  in  order  to  understand  the 
capabilities  of  the  system.  As  the  semester  went  on,  we 
began  to  feel  an  urgency  about  writing  our  syllabus.  We 
initially  decided  on  having  each  of  us  teach  one  or  two 
technology  tools  on  successive  meetings  of  the  class.  That 
way,  teachers  taking  our  course  could  learn  about  a 
variety  of  tools  and  then  choose  an  appropriate  combina- 
tion to  develop  an  interdisciplinary  unit. 

Then  it  occurred  to  us  that  we  were  teaching  about 
technology  in  isolation,  something  all  three  of  us  were 
opposed  to  on  philosophical  grounds.  If  we  truly  believe 
that  technology  is  a  tool,  then  we  needed  to  decide  on  our 
content  and  then  use  appropriate  tools  to  help  us  deliver 
it.  We  needed  to  model  the  same  approach  we  want  our 
teachers  to  take.  We  decided  to  each  plan  and  design  an 
interactive  interdisciplinary  unit.  We  will  demoasu*ate  the 
unit,  and  then  teach  the  techniques  and  skills  necessary  to 
develop  a  similar  unit.  It  was  during  the  excitement  of  this 
meeting  that  I  first  began  to  realize  the  benefits  of 
working  as  a  team.  The  decision  to  develop  content  and 
use  technology  tools  to  deliver  it  grew  out  of  intense 
synergistic  planning.  Each  of  us  ieamed  to  be  very  direct 
and  candid  about  our  ideas  and  feelings,  and  that  practice 
has  benefited  us  ever  since. 

Another  good  reason  to  work  as  a  team,  especially  in 
the  field  of  technology,  is  the  fact  that  tools  are  proliferat- 
ing at  a  tremendous  rate  and  no  one  can  know  everything 
about  every  tool.  Even  the  three  of  us,  who  spend  a  good 
portion  of  our  professional  lives  working  and  teaching 
with  technology,  only  know  about  certain  tools.  Our 
combined  knowledge  and  our  combined  resources  in 
people  and  equipment  are  great  assets  as  we  develop  the 
course. 

A  further  advantage  of  teamwork  during  this  develop- 
ment phase  is  that  it  gives  us  the  skills  we  will  need  for 
the  delivery  phase.  As  ^lifficult  situations  arise,  we  have 
practice  in  dealing  with  each  other.  We  know  each  other's 
strengths  and  how  we  each  operate.  This  planning  phase 
has  also  been  integral  to  our  understanding  of  how  the 
compressed  video  equipment  works. 


Issues  of  Delivering  o  Course  via  Compressed 
Video 

Wyoming  is  a  rural  state  with  considerable  distances 
between  towns.  The  University  of  Wyoming,  the  slate's 
only  four-year  educational  institution,  is  located  in  one 
comer  of  the  state.  Serving  such  broad  educational  needs 
is  difficult.  Flying  instructors  to  remote  sites  is  expensive 
and  bard  on  the  faculty.  During  harsh  winters,  driving  and 
flying  are  often  impossible,  leading  to  disrupted  courses. 
Audio  teleconferencing  courses  aie  offered  but  have  dieir 
own  limitations.  Our  compressed  video  network  linking 
eight  sites  has  been  in  use  for  over  a  year  now.  Faculty 
are  already  enthused  about  the  savings  in  travel  time  and 
money.  It  remains  to  be  seen  whether  such  savings  offset 
other  network  limitations. 

In  reading  about  other  compressed  video  networks,  I 
have  found  that  we  are  all  hoping  for  similar  advantages. 
Burton  (1991)  describes  the  University  of  Missouri's 
compressed  video  system  as  having  the  distinct  advan- 
tages of: 

1  eliminating  travel  time  and  expenses 

2  forcing  meetings  to  be  more  suuctured  which  results 
in  more  productive  meetings 

3  allowing  the  university  to  reach  more  students 

4  allowing  the  university  to  reach  remote  areas 

5  enabling  the  university  to  be  perceived  as  being  a 
cutting-edge,  high-tech  organization  (p.2) 

The  U.S.  Navy  has  also  used  two-way  video  training. 
In  a  recent  study  (Simpson,  Fugh,  &  Parchman,  1991),  it 
was  found  that  student  attitudes  and  performance  on 
examinations  were  comparable  in  the  originating  and 
remote  sites.  This  study  had  only  two  sites,  however,  and 
students  were  present  in  the  originating  site  classroom. 
We  may  also  have  students  at  our  two  originating  sites, 
but  we  will  have  more  than  one  remote  site.  Still,  these 
findings  are  encouraging. 

The  heart  of  our  compressed  video  system  is  the 
codec.  It  is  a  coder/decoder  that  converts  analog  audio 
and  video  to  a  digital  format.  The  audio  quality  is  good, 
though  a  little  low  at  times.  Our  system  is  prone  to  **hum" 
if  any  of  the  sites'  microphones  are  inadvertently  left  on. 
The  quality  of  the  transmitted  video  is  good  and  is  just 
slightly  slower  and  jerkier  than  full-motion  video.  The 
system  does  not  lend  itself  to  quick  movements  which 
result  in  blurs  or  suobe-like  effects.  Still  images,  like  text 
or  graphics,  can  be  sent  with  high  resolution  by  a  spe  ^ 
ciallyKlesigned  close-up  camera.  This  camera  can  also 
send  full-color  slides.  Built-in  to  our  system  is  an  MS 
DOS  computer  that  can  store  slides  on  its  hard  drive. 

Haynes  and  Swisher  (1991)  report  that  unpredictable 
and  unacceptable  audio  is  the  biggest  problem  of  the 
compressed  video  network  at  the  University  of  Oklahoma. 
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In  fact,  unsatisfactory  audio  interaction  has  forced 
student-to-teacher  and  student-to-student  interaction  to  be 
either  minimal  or  artificial  in  their  medium  to  large 
classes.  They  also  lament  the  fact  that  although  lectfariiig 
is  facilitated,  the  free-flowing  interaction  of  graduate 
education  is  not.  I  am  hopeful  that  we  can  find  strategies 
to  overcome  these  problems. 

Because  the  video  on  the  network  follows  the  domi- 
nant audio,  it  is  important  for  participants  to  be  tactful. 
When  I  have  been  in  meetmgs  on  the  network  with  five  or 
six  sites,  Tve  noticed  that  there  is  a  long  pause  between 
attempts  to  speak.  This  is  to  make  sure  we  are  not 
interrupting  anyone  else  on  the  system,  but  it  does  make 
for  more  time-consuming  meetings.  We  have  not  found, 
so  far,  that  audio  is  a  problem.  We  are  discussing  now 
how  many  sites  to  invite  to  participate  in  our  class.  If  we 
have  more  sites,  more  sharing  and  networic-building  of 
technology-using  teachers  in  the  state  can  occur.  There  is 
also  an  important  financial  benefit  to  the  University  if  we 
hav3  a  large  group  of  participants.  On  the  other  hand, 
multiple  sites  can  mean  multiple  problems.  We  have 
allowed  an  extra  half-hour  each  class  meeting  for  possible 
technical  problems. 

In  our  summer  session,  we  will  demonstrate  each  of 
our  interdisciplinary  units.  During  the  sharing  of  these 
units,  several  different  technology  tools  will  be  used. 
Authoring  software  like  HyperCard  and  LinkWay,  video 
stills,  video  tape,  computer-based  spreadsheets,  data  base 
applications,  and  CD  ROM  will  all  be  used.  Teachers  will 
be  able  to  choose  which  tools  they  want  to  learn,  based  on 
what  they  see  in  our  units  and  what  hardware  and  soft- 
yj^Att  they  have  available  in  then-  schools.  Then  we  can 
provide  hands-on  instruction,  which  may  be  unwieldy 
over  the  network.  If  instruction  proves  difficult,  teachers 
should  be  able  to  get  help  from  their  own  schools' 
resources  over  the  course  of  the  summer,  or  we  can 
supply  them  with  print-  or  computer-based  instructional 
modules  or  video  tape.  How  difficult  it  will  be  to  present 
hands-on  instruction  over  the  network  may  depend  on  the 
number  of  teachers  and  the  number  of  sites  in  our  class. 

We  experimented  with  various  ways  and  means  of 
transmitting  computer  screens  across  the  network.  One  of 
the  newer  tools  we  tried  was  a  box  that  converts  computer 
signals  to  flicker-free  TV  signals,  but  the  image  on  the 
monitor  seemed  to  be  missing  several  scan  lines  so  the 
text  was  unreadable.  We  are  still  experimenting  with  this 
possibility  and  are  optimistic  that  it  will  work  with  some 
adjustments.  The  most  visually  clear  method  we  found 
was  fibnmg  with  the  close-up  camera  pointed  directly  at  a 
portable  computer  saeen.  lt*s  awkward  to  position  the 
close-up  camera  and  computer  this  way,  but  it  is  feasible. 
1  don't  know  how  necessary  it  will  be  to  consistently  send 
ccB  iputer  screens  back  and  forth,  but  we  do  have  that 
option.  Video  stills,  slides,  graphics,  and  written  material 


transmit  easily.  Video  tape  is  a  medium  that  also  transmits 
well,  and  we  can  use  the  aforementioned  box  to  "ti^**  a 
series  of  computer  screens  for  presentation,  if  necessary. 
For  readings  and  print-based  insUuctions,  we  can  mail 
ahead. 

We  know  from  our  development  meetings  that  group 
(at  least  small  group)  discussion  works  very  v/ell  over  the 
network.  Sometimes  the  network  is  ahnost  transparent  as 
we  become  involved  in  our  thoughts  and  ideas.  When  that 
happens,  I  am  convinced  that  the  technology  is  viable. 
When  we  have  technical  problems,  like  not  receiving 
either  audio  or  video,  (x  both,  I  wonder  if  it's  worth  the 
time  it  takes  to  reboot  the  system  or  troubleshoot  via 
telephone.  But,  happily,  that  happens  only  occasionally. 
When  it  does,  though,  1  am  reminded  that  audio  is  much 
more  powerful  than  video.  When  we  have  audio,we  can 
still  communicate,  plan,  and  make  progress  on  our  course 
development  When  we  only  have  video,  we  are  relegated 
to  hand  signals  and  writing  notes  back  and  forth.  It  is  not 
workable.  A  back-up  speaker  phone  system  was  mstalled 
in  the  University's  classroom  and  will  permit  us  to  make 
progress  if  the  network  goes  down. 

Optimistic  Final  Thoughts 

Our  te?m  is  excited  about  the  prospect  of  breaking 
new  ground  in  our  teaching.  We  are  enjoying  the  team- 
work which  brings  with  it  wonderful  opportunities  for 
professional  growth  in  both  skills  and  knowledge.  We  are 
hopeful  that  our  course  will  enable  teachers  to  use 
technology  to  break  down  subject-area  barriers  and 
significantly  change  the  culture  of  many  of  Wyoming*s 
classrooms. 

Our  challenge  in  this  course  is  to  unleash  compressed 
video's  unique  power  rather  than  try  and  fit  "conven- 
tional" practice  to  it.  But  this  is  hard  as  we  are  only 
beginning  to  discover  ways  to  use  compressed  video 
technology.  We  are  encouraged,  however,  by  the  tools 
and  strategies  that  are  being  developed  to  help  us  be  more 
effective. 
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Opportunities  for  continuing  education  for  teachers 
in  many  rural  schools  are  limited  because  the 
expertise  for  the  training  is  located  grcat 
distances  from  the  conununities  in  which  they  work 
(Knapczyk  1990;  Knapczyk,  Rodes,  &  Brush,  In  press). 
The  limited  accessibility  to  training  in  these  communities 
contributes  to  the  difficulties  teachers  have  upgrading 
their  professional  skills  and  to  the  critical  personnel 
shortages  that  many  rural  school  districts  experience 
(Helge,  1985;  Treadway,  1984). 

Creating  a  wider  array  of  continuing  education 
opportunities  in  rural  communities  presents  many 
challenges  to  universities.  One  particular  challenge  is 
establishing  close  communication  links  with  rural  schools 
that  support  high  quality  and  comprehensive  staff 
development  activities.  This  article  describes  an  innova- 
tive approach  to  teacher  education  using  distance  educa- 
tion and  computer-based  audiographic  technology.  The 
approach  overcomes  many  of  the  limitations  of  more, 
traditional  forms  of  teacher  education. 


Background 

For  the  past  four  years  we  have  been  providing 
continuing  education  opportunities  for  special  and  general 
education  personnel  in  several  rural  school  corporations 
in  Indiana.  These  activities  are  field-based  in  that  tiie 
teachers  remain  in  their  home  conmiunities  during  the 
training,  while  the  instructors  stay  at  the  university  and 
conununicate  with  the  teachers  via  distance  education 
technology  (Knapczyk,  Brush,  Champion,  Hubbard,  & 
Rodes,  1992). 

The  focus  of  the  training  is  on  improving  educational 
and  support  services  to  students  who  are  high  risk  or 
niildly  disabled  so  that  they  can  successfully  take  part  in 
school  and  community  settings.  The  major  goals  of  the 
program  are  to  encourage  greater  communication, 
cooperation,  and  collaboration  among  school  personnel; 
demonstrate  effective  teaching  practices;  promote 
application  of  the  practices  to  the  teachers*  work  environ- 
ment; and  resUiicture  classroom,  school,  and  community 
settings  to  offer  children  a  wider  range  of  educational 
opportunities. 

A  distance  learning  format  is  used  to  deliver  the 
training,  and  teachers  frcm  schools  close  to  one  another 
form  cohort  groups  for  the  program.  Personnel  from  over 
SO  schools  and  agencies  in  17  different  conununities  in 
southern  Indiana  have  or  are  currently  enrolled  in  the 
program.  They  can  upgrade  their  instructional  skills  in 
such  areas  as  assessing  learning  and  behavior  problems, 
improving  social  skills,  and  increasing  motivation. 

Through  our  woric  in  the  program,  we  have  come  up 
with  some  solutions  for  improving  teacher  education  in 
rural  settings  that  we  will  present  under  the  following 
headings:  linking  to  the  university,  promoting  ownership 
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of  training,  improving  on-the-job  perfonnance,  and 
increasing  staff  collaboration. 

Unking  To  Ihm  University 

One  major  challenge  to  continuing  education  is 
minimizing  the  travel  time  and  costs  usually  associated 
with  traveling  to  a  university  for  coursework.  We  found 
that  the  best  solution  for  meeting  this  challenge  is  to 
develop  a  communication  network  between  instructors 
and  teachers  so  they  can  communicate  with  one  another 
yet  remain  in  their  home  conmiunities.  What  is  required 
here  is  a  conmiunication  network  that  is  diversified  and 
flexible  enough  to  support  the  demands  of  the  training  so 
that  instructors  can  give  formal  presentations,  oversee 
small  group  discussions,  supervise  individual  practicum 
projects,  and  carry  cut  the  other  functions  normally 
associated  with  contix>uing  education  activities. 

In  our  program,  we  use  an  audiogrj^)hic  two-way 
communication  link  that  allows  us  to  give  verbal  and 
graphic  presentations,  share  print  materials,  lead  discus- 
sions, and  oversee  Held  activities  in  which  teachers  apply 
concepts  to  their  school  settings  as  they  learn  them. 
Audiogn^hics  is  a  computer-based  technology  that 
allows  instructors  and  students  to  b^nsmit  graphic  images 
and  textual  information  between  two  or  more  computers 
using  ordinary  telephone  lines  (see  Figure  1).  The 
audiographics  software  gives  us  the  ability  to  scan 
overheads  and  other  documents  into  a  computer  and 
ti^smit  the  images  over  modems  to  a  remote  location. 
Alternately,  we  can  create  graphics  or  text  on  the  com- 
puter itself  and  transmit  them.  Teachers  and  the  instructor 
can  then  see  the  images  on  a  computer  or  television 
monitor,  or  on  a  screen  by  means  of  a  liquid  crystal 
display  (LCD)  projection  device.  For  the  past  three  years 
we  have  used  an  audiographic  software  developed  by 
AT&  T  called  SCANWARE  that  operates  on  a  MS  DOS 
platform.  This  year  we  are  examining  two  software 
programs  that  run  on  a  Macintosh  platform  over  Apple 
Talk  Remote  Access:  Timbuktu  and  Group  Teleconfer- 
encing System  (GTCS). 

Audiographics  allows  transfer  of  information  in  real 
time;  when  we  command  the  computer  to  send  an  image 
to  a  remote  site,  it  appears  on  the  screen  almost  instanta- 
neously. The  same  is  true  with  any  type  of  editing  or 
supplemental  m  formation  that  takes  place  on  the  com- 
puter. Far  example,  if  we  want  to  highlight  or  annotate  a 
graphic  image  on  the  computer  screen,  we  can  circle, 
underline,  or  write  on  the  image,  and  the  additions  are 
immediately  seen  on  the  teacher's  computer. 

By  using  audiographic  technology  in  conjunction  with 
a  simple  speaker  phone,  we  can  conduct  highly  effective 
class  sessions.  The  computers  function  as  sort  of  an 
interactive  chalkboard  that  gives  the  class  presentations  a 
strong  visual  focus  without  being  overwhehning  or 


intmudating  to  the  teachers.  In  fact,  the  separation  of  the 
instructor  and  teachers  and  the  absence  of  a  typical 
authority  figure  have  tended  to  spur  much  m(xe  active 
participation  than  is  often  seen  in  more  passive  video- 
style  classes  or  even  on-campus  courses. 

We  use  a  team-teaching  approach  to  deliver  the 
classes,  with  two  mstructoi^  taking  roles  roughly  analo- 
gous to  the  "play-by-play"  and  "color"  announcers  in  a 
sports  broadcast.  We  have  found  that  the  use  of  two 
distinct  voices  in  this  way  creates  a  lively  and  full 
presentation  and  encourages  an  active  interchange  among 
the  teachers. 

The  benefits  of  audiographics  is  that  it  is  both  dy- 
namic and  economical.  The  interactivity  that 
audiogr^hics  gives  to  a  real-time  distance  education 
class  can  aeate  a  very  animated  class  session.  For 
example,  we  can  easily  scan  in  and  transmit  a  sample  of  a 
particularly  well  done  assignment,  and  then  highlight 
particular  aspects  of  the  assignment  by  annotating, 
circling,  or  underlining  key  phrases  and  important  points. 
Thus,  we  use  the  computer  screen  in  the  same  way  that  an 
overhead  projector  would  be  used  in  a  traditional  class. 
However,  unlike  an  overhead  projector,  the  teachers 
could,  at  the  same  time,  annotate  and  highlight  portions  of 
the  same  assignment.  This  level  of  interactivity  is  a  major 
addition  to  a  training  session  delivered  via  distance 
education. 

The  equipment  needed  to  connect  two  sites  together 
includes  two  ccnnputers,  two  high-speed  modems,  and  the 
audiographics  software.  All  of  this  can  be  purchased  for 
under  $5000,  and  most  universities  and  many  schools 
already  have  the  required  computer  hardware.  The  only 
additional  costs  for  delivering  a  training  session  would  be 
the  monthly  telephone  service,  the  long  distance  charges, 
and  the  price  of  two  speaker  phones.  In  our  program,  we 
have  also  purchased  facsimile  machines  for  each  of  the 
training  sites  so  that  teachers  can  quickly  send  in  assign- 
ments and  receive  feedback  on  their  work.  This  combina- 
tion of  low-cost,  versatile,  and  easy  to  maintain  equip- 
ment gives  instructors  many  options  for  delivering  and 
overseeing  class  activities  and  practicum  projects  (Chute 
&  Balthazar,  1987;  Knapczyk,  1991). 

Promoting  Ownership  Of  Training 

Continuing  education  activities  should  also  encourage 
ownership  of  the  trainmg  so  the  teachers  view  the 
activities  as  a  useful  part  of  their  professional  develop- 
ment. Research  suggests  that  teachers  will  assume 
ownership  of  training  when  the  topics  and  activities 
closely  match  their  needs  and  interests  (Treadway,  1984). 
However,  finding  ways  to  promote  ownership  is  particu- 
larly challenging  in  distance  education  programs  because 
the  instructors  and  staff  are  separated  (Keegan,  1990). 

In  our  program,  we  encourage  ownership  by  structur- 
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1 .  Host  site  scans  an  image  into 
its  computer. 


5.  Duplicate  image  is 
displayed  on  computer  or 
projection  device  at  remote 
site. 


4.  Audiographics  software 
at  remote  site  converts 
telephone  signals  back 
into  image. 


Figure  1.  How  audiographics  works. 


7 1 A  Technology  and  Teacher  Education  Annual  —  1 993 

ERIC  73  i 


ing  the  training  as  a  cooperative  arrangement  between  the 
university  and  local  schools  and  by  sharing  the  responsi- 
bilities for  planning  and  delivering  the  training.  We 
supply  the  technical  expertise  about  the  topics  of  the 
sessions,  prepare  the  instructional  materials,  and  partici- 
pate in  the  meetings  by  means  of  the  communication 
network.  On  their  part,  the  school  personnel  assist  in 
laying  out  the  training  activities  and  sliowing  the  staff 
how  to  use  the  information  in  their  classrooms  and 
schools.  We  accomplish  this  aim  by  having  one  of  the 
teachers  serve  as  an  on-site  coordinator  /or  the  sessions 
who  helps  plan  the  training,  overseers  the  practice  exer- 
cises, and  monitors  the  small  group  projects. 

There  are  several  ways  in  which  we  and  the  teachers 
have  benefitted  from  sharing  responsibilities  for  the 
training.  First,  the  on-site  coordinators  give  input  into  the 
planning  of  the  program  because  they  can  assess  the 
specific  needs  of  the  teachers.  They  identify  the  topics 
that  need  particular  emphasis  and  explain  how  the  topics 
can  be  tied  to  the  policies  and  procedures  of  the  schfX)ls. 
Second,  the  coordinators  personalize  the  instruction  by 
giving  examples  that  pertain  to  the  topics  and  exp'.aining 
how  a  procedure  can  be  used  with  a  particular  student  or 
in  a  situation  that  all  the  teachers  are  familiar  with.  The 
coordinators  lead  in-class  discussions  and  smaU  group 
activities  and  elaborate  on  the  points  that  are  covered  in 
the  sessions.  Finally,  the  coordinators  provide  us  with 
detailed  feedback  about  the  training  so  we  can  modify  the 
sessions  and  plan  follow-up  activities.  V/e  have  found  that 
by  sharing  the  responsibilities  for  the  training  in  these 
ways,  the  teachers  become  an  integral  part  of  the  training 
experiences. 

Improving  On-the-job  Performance 

The  primary  goal  of  continuing  education  is  to 
improve  the  teachers'  on-the-job  performance.  However, 
all  too  often,  continuing  education  activities  are  com- 
prised of  "one  shot'*  efforts  that  do  little  to  actually 
upgrade  the  teachers'  classroom  teaching  skills.  One  of 
the  best  solutions  for  imix*oving  on-the-job  performance 
is  to  provide  activities  in  which  the  teachers  apply  the 
concepts  immediately  to  real  life  situations.  This  "reality 
check"  shows  the  teachers  that  the  training  is  both 
practical  and  useful  for  them. 

In  our  program,  we  combine  instruction  in  methods 
and  techniques  for  working  with  students  with  highly 
relevant  jnacticum  activities;  activities  which  the  teachers 
complete  in  the  context  of  their  own  classrooms.  For 
example,  in  our  module  on  social  skills  training,  we 
discuss  different  strategies  and  techniques  for  identifying 
and  assessing  students  having  problems  with  their 
behavior,  and  the  teachers  immediately  apply  these 
procedures  with  their  own  students.  In  this  way,  they  not 
only  learn  methods  for  reducing  problems  in  social 


behavior,  but  also  use  these  methods  with  their  own 
students. 

We  also  encourage  carryover  of  the  training  by  having 
follow-up  sessions  after  the  teachers  have  tried  out  the 
ideas  or  techniques  in  their  programs.  In  the  fc41ow-up 
sessions  we  can  oversee  both  the  planning  and  the  actual 
implementation  of  practicum  projects.  We  can  give 
teachers  feedback  about  their  projects  and  clarify  the 
procedures  they  are  learning  to  use,  thus  providing 
valuable  information  about  applying  key  concepts  to  their 
job  situations. 

increasing  Coliaborafion  Anx>ng  The  Staff 

Finally,  continuing  education  activities  should  foster 
stronger  collaboration  among  the  staff  and  give  teachers  a 
common  set  of  experiences  that  they  can  use  for  class- 
room-, school-,  or  district-based  planning  efforts.  In- 
service  training  should  provide  opportunities  for  the  staff 
to  share  their  experiences  and  expertise  with  one  another 
and  to  form  task-oriented  work  groups  that  address  issues 
pertaining  to  improving  educational  services  (Slavin, 
Karweit,  &  Madden,  1989). 

We  further  collaboration  among  the  teachers  by 
having  them  complete  case  study  projects  as  school-based 
teams.  These  projects  give  teachers  with  similar  back- 
grounds or  common  concerns  oppcMtunities  to  solve 
instructional  problems  that  are  especially  important  to 
them.  For  example,  in  a  project  on  mainstreaming  special 
education  students,  the  teams  consider  the  impact  of 
mainstreaming  at  their  particular  grade  levels  and  plan 
solutions  for  overcoming  anticipated  problems.  Then,  as 
they  carry  out  the  projects,  the  team  members  serve  as  a 
resource  to  one  another  and  work  together  to  upgrade  this 
particular  aspect  of  the  school's  program.  Such  activities 
increase  communication  and  cooperation  among  the 
teachers  and  help  them  realize  that  providing  educational 
services  requires  a  team  effort  based  on  mutual  profes- 
sional support.  Collaboration  among  the  staff  is  an 
important  factor  in  this  process  because  it  ensures  that  the 
training  has  a  long  lasting  effect  on  improving  educational 
programs  (Thousand  &  ViUa,  1989). 

Conclusion 

Continuing  education  presented  through  distance 
education  can  give  teachers  opportunities  to  upgrade  their 
skills  when  more  conventional  forms  of  training  are  not 
available  to  them.  However,  the  staff  members  in  the 
schools  must  take  a  very  active  part  in  planning  and 
delivering  the  training  so  that  it  is  practical  and  useful  to 
them.  Distance  education  and  communication  technology 
can  give  universities  tremendous  flexibility  in  offering 
training  experiences  that  are  well-suited  to  the  needs  of 
rural  ccHnmunities.  Distance  education  and  technology 
can  turn  the  challenges  of  continuing  education  into 
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decided  advantages  by  allowing  training  institutions  and 
school  coqwrations  to  share  the  responsibilities  for 
teacher  preparation. 
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Training  distance 
educators  for  converging 
technologies 

Farhad  Saba 
San  Diego  State  University 


Background 

The  purpose  of  this  paper  is  to  describe  how 
instructional  designers,  teacliers  and  trainers  are 
trained  in  the  Department  of  Educational  Tech- 
nology at  San  Diego  State  University  to  use  integrated 
voice,  video,  and  data  with  desktop  workstations  for 
distance  education.  Distance  education  has  its  early  roots 
in  correspondence  education  (Pittman,  1990),  and  its 
more  recent  origins  are  in  instructional  radio  and  televi- 
sion. Although  experimentation  with  educational  broad- 
casting in  the  1960*s  and  the  1970's  showed  mixed  results 
in  effectiveness  (Saettler,  1990),  a  report  published  by  the 
Office  of  Technology  Assessment  (OTA)  is  more  positive 
about  its  current  applications  in  schools.  According  to  the 
report,  what  makes  present  attempts  different  from  earlier 
ones  is  the  role  of  distance  education  in  providing 
culturally  diverse  and  geographically  dispersed  groups  of 
students  with  mandated  instructional  services  that  would 
not  have  been  available  to  them  otherwise  GJS  Congress, 
1989). 

Also,  the  emergence  of  new  computer-based  inte- 
grated voice,  video,  data  systems  make  the  future  applica- 
tions of  distance  education  more  promising.  These 
systems  provide  live,  interactive  multimedia  communica- 
tions (Hargadon,  1992;  Reveaux,  1992).  Woiking  at  a 
distance,  the  instructor  and  the  student  can  see  each  other, 
shars  the  same  screen  and  computer  file,  and  talk  to  each 
other.  Like  other  technologies  which  have  emerged  and 
found  their  way  into  the  classroom,  widespread  use  of 
integrated  telecommunications  systems  in  schools  is  just  a 
matter  of  time.  For  example,  the  California  Master  Plan 
for  Educational  Technology  (California  Planning  Com- 
mission for  Educational  Technology,  1992)  calls  for  the 
development  of  the  Golden  State  Education  Network, 
which  is  "an  integrated  voice,  video,  and  data  link  of 
existing  networks"  p.  1 1.  The  network  will  connect  public 
schools  with  institutions  of  higher  education  so  that 
educators  could  better  integrate  technological  solutions 
into  curriculum  and  instructional  programs. 

These  developments  indicate  that  trained  educators 
who  are  familiar  with  theoretical  and  practical  aspects  of 
converging  technologies  will  be  needed  to  design  instruc- 
tion for  integrated  systems  to  be  used  by  learners  in  public 
schools,  in  the  private  escort,  and  at  home.  Such  profes- 
sionals should  be  able  to: 

•  Design  programs  for  converging  technologies, 

•  Use  converging  technologies  to  deliver  instruction, 

•  Provide  support  services  to  distant  learners  via 
convergent  systems, 

•  Conduct  evaluation  and  research  studies  on  distance 
education  concepts,  models  and  progran«s,  and 

•  Analyze  the  impact  of  new  information  technologies 
on  society,  education  and  schooling. 
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Anticipating  these  developments  and  needs,  a  course 
was  designed  in  the  Department  of  Educational  Technol- 
ogy, San  Diego  State  University  to  instruct  teachers  and 
trainers,  enrolled  in  the  graduate  program,  how  to  use 
integrated  microcomputer-based  telecommunications  for 
instructional  purposes.  The  course,  titled  EDTEC  651, 
Seminar  in  Distance  Education,  enables  students  to  use  a 
desktop  workstation  and  its  related  telecommunications 
and  computing  features  to  design,  develop  and  present 
live  interactive  distance  education  programs.  Students 
learn  how  to  use  voice,  text,  grjqjhics  and  video  commu- 
nications to  design,  6t\t\op  and  present  telelessons.  They 
use  a  prototype  integrated  desktop  workstation  consisted 
of  a  Macintosh  computer,  a  telephone  and  a  video  loop  to 
deliver  instruction.  Also,  they  use  HyperCard  to  create 
authoring  shells  and  Timbuktu  to  present  telelessons 
(Saba  &  Twitcheli,  1988).  Furthermore,  they  are  engaged 
in  learning  activities  that  allow  them  to  become  familiar 
with  theories  of  distance  education,  research  and  evalua- 
tion methods  and  current  issues  in  the  impact  of  new 
telecooununications  technologies  on  society  in  general, 
and  on  education  in  particular.  Course  objectives  include: 

1 .  Identify  various  parts  of  a  typical  integrated  desktop 
workstation  and  describe  the  functions  of  each  part. 

2.  Use  a  desktop  workstation  to  establish  bi-directional, 
synchronous  and  shared  voice,  computing  and  video 
teleccnnmunications  with  another  desktop  workstation. 

3.  Develop  an  authoring  shell  in  HyperCard. 

4.  Develop  and  present  a  telelesson  via  Timbuktu  with 
HyperCard. 

5.  Compare  strengths  and  weaknesses  of  various  tele- 
communication systems. 

6.  Name  key  organizational  functions  of  a  distance 
education  provider. 

7.  Investigate  a  current  issue  in  theory  of  distance 
education,  or  in  research  and  evaluation  methodology, 
or  in  the  impact  of  new  information  technology  on 
society  and  education. 


8.  Participate  in  an  computer  teleconference  to  discuss 
selected  issues. 

Theoretical  Foundation  ct  ttie  Course 

Theoretical  foundation  of  the  course  is  based  on  the 
concept  of  transactional  distance  (Moore,  1983)  and  its 
elaboration  by  Saba  (1990).  According  to  Moore,  transac- 
tional distance  is  a  function  of  two  factors:  dialog  and 
structure.  Dialog  is  "the  extent  to  which,  in  any  educa- 
tional programme,  learner  and  educator  are  able  to 
respond  to  each  other."  Structure  is  "a  measure  of  an 
educational  progranune's  responsiveness  to  learners' 
individual  needs"  (Moore,  1983,  p.  171).  Transactional 
distance  is  a  function  of  the  variance  in  dialog  and 
structure  in  relation  to  each  other;  therefore,  "distance"  in 
education  is  not  determined  by  geogr^hic  proximity,  but 
by  the  level  and  rate  of  dialog  and  structure  (Saba  1990). 

Based  on  these  definitions,  in  a  previous  study,  a 
dynamic  model  of  distance  education  was  proposed.  This 
model  suggested  a  dynamic  relationship  between  structure 
and  dialog  as  in  the  following  diagram: 

According  to  this  causal  loop  diagram,  in  integrated 
distance  education  systems  as  dialogue  increases, 
structure  decreases  and  as  structure  decreases,  dia- 
logue increases  to  keep  the  system  stable...  In  a 
plausible  scenario,  the  need  for  decreasing  structure  is 
conmiunicated  to  the  teacher.  Consultation  automati- 
cally increases  dialogue;  then  adjustments  in  goals, 
instructional  materials,  and  evaluation  procedures 
occur  and  the  learner  achieves  the  desired  level  of 
autonomy  (Saba,  1990,  p.  350). 

Students  are  informed  that  in  a  current  study  by  the 
author  the  level  and  the  rate  of  dialog  and  structure  are 
measured  by  discourse  analysis  in  specific  time  intervals. 
This  is  to  provide  mw  data  for  a  mathematical  model  of  a 
computer  simulation  technique  called  System  Dynamics 
(Roberts,  1983).  Using  System  Dynamics,  the  relation- 
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Figure  1.  Causal  loop  diagram  of  transactional  distance. 
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ships  among  the  two  key  variables  under  study  are 
simulated  to  determine  how  the  increase  cm*  decrease  in 
one  system  variable  affects  transactional  distance.  For 
example,  it  will  be  shown  if  a  decrease  in  dialog  during  a 
telelesson  would  result  in  an  increase  in  transactional 
distance.  A  Macintosh  computer  version  of  the  software 
called  STELLA  (Highe  Performance  Systems,  1992)  is 
currently  used  to  run  the  model  m  pilot  and  actual  runs. 

In  the  course,  the  concept  of  transactional  distance  is 
used  to  analyze  existing  distance  education  systems  and 
propose  new  ones.  The  primary  emphasis,  however,  is  on 
how  the  concept  can  be  used  in  designing  new  integrated 
distance  education  systems. 

General  Approach  of  the  Course 

Students  learn  how  to  design  effective  distance 
education  systems  by  dividing  the  task  in  three  different 
levels.  Level  I  is  concerned  with  the  general  organization 
of  distance  education  systems  (meta  design).  Case  studies 
are  presented  to  identify  organizational  components  of 
such  systems.  The  function  of  each  component  is  de- 
scribed and  analyzed.  The  same  case  studies  are  used  to 
identify  and  select  appropriate  needs  assessment  strategies 
for  distance  education  services.  Examples  are  presented  to 
show  the  historic  role  of  distance  education  in  mitigating 
organizational  needs  in  private  and  public  sectors;  social 
inequities  in  urban  and  rural  areas;  and  inadequacies  of 
extant  educational  systems  in  industrial  and  developing 
countries. 

Level  II  is  concerned  with  the  macro  design  of  the 
telelesson.  Students  have  to  decide  on  the  amount  of 
dialog  and  structure  which  they  think  would  be  most 
appropriate  for  the  content  of  the  telelesson  and  the 
learner's  profile.  These  decisions  are  materialized  in  a 
HyperCard  shell  which  they  produce  to  present  the 
content  of  the  telelesson.  Students  use  their  previously 
acquired  skills  in  HyperCard  for  creating  stacks  which 
they  use  to  display  and  present  instruction.  These  stacks 
often  provide  for  presenting  instructional  content  with 
voice,  text ,  graphics  and  video;  specifying  the 
instructor's  role;  indicating  learner  activities;  and  re- 
sponding to  learner's  queries. 

Level  III  is  concerned  with  micro  design  of  integrated 
systems.  Instructional  design  decisions  at  this  level  relate 
to  fonts,  graphic  displays,  video  segments  and  audio 
communications.  Piuticular  attention  is  paid  to  screen 
design  for  the  computer  display  and  the  video  screen. 

An  important  feature  of  the  course  is  familiarizing 
students  with  advanced  standards  in  integrated  telecom- 
munications systems.  Teleconmiunications  is  a  very 
rapidly  changing  field.  Although  students  in  EDTEC  651 
rarely  will  become  engaged  in  designing  networks,  a 
knowledge  of  telecommunication  systems  is  essential  for 
them  to  conceptualize  and  integrate  technological 


solutions  into  the  curriculum  and  instructional  activities. 
TTirough  class  presentations  and  discussions  they  become 
able  to  compare  the  strengths  and  weaknesses  of  tradi- 
tional and  new  telecommunications  systems  and  stan- 
dards. Systems  such  as  cable  telcision,  microwave 
transmission  and  satellite  television  are  analyzed  and 
discussed.  In  addition,  instructional  time  is  devoted  to  the 
introduction  and  analysis  of  emerging  teleconmiunica- 
tions standards  such  as  Integrated  Services  Digital 
Networks  (ISDN).  Discussion  of  telecommunications 
systems  enable  students  to  analyze  existing  systems  and 
design  appropriate  distance  education  programs  for  use  by 
teachers,  trainers  and  students  in  schools,  in  business  and 
industry  and  at  home. 

Social  impact  of  emerging  telecommunications 
technology  is  also  scrutinized.  Trends  in  transforming  the 
society  from  an  agro-industrial  one  to  an  information 
based  community  are  discussed  and  analyzed.  Educa- 
tional ramifications  of  this  historic  transfcxmation  for 
public  schools,  business,  industry  and  home  are  probed. 
Particular  attention  is  paid  to  The  Good  Society  by  Bella, 
Madsen,  Sullivan,  Swidler,  &  Tipton  (1991).  Students  are 
assigned  to  read  this  book  and  participate  in  an  asynchro- 
nous teleconference.  The  book  discusses  current  problems 
of  majcH'  societal  institutions  and  provides  a  vast  array  of 
issues  for  discussion.  Since  it  does  not  offer  specific 
solutions  or  ideological  remedies  for  current  social  ills,  it 
is  ideal  for  class  discussion  purposes.  In  order  to  better 
prepare  students  for  their  future  careers,  the  discussions 
on  this  book  are  conducted  on-line  with  students  working 
at  home  instead  of  being  present  in  a  class  on  campus. 
Students,  who  primarily  use  Macintosh  computers,  access 
a  mainframe  computer  from  home.  A  software  applica- 
tion, VaxNotes,  allows  students  to  conduct  asynchronous 
teleconferences  via  their  home  computers  and  a  Vax 
computer  located  on  campus.  The  conference  software 
enables  students  to  comment  on  different  chapters  of  The 
Good  Society  as  well  as  to  read  conwnents  left  on  the 
system  by  their  peers.  In  this  way,  each  student  is 
informed  of  everyone  else's  ideas  and  opinions  regarding 
the  ideas  presented  in  the  book.  The  teleconferencing 
system  provides  an  opportunity  for  expanded  peer 
interaction  far  beyond  what  normally  transpires  in  the  so- 
called  "face-to-face"  classroom  instruction. 

Class  Activities 

EDTEC  651,  Seminar  in  Distance  Education  is  a 
graduate  course.  (Syllabus  of  a  previous  iteration  of  the 
course,  EDTEC  700,  can  be  found  in  Seidman,  1989). 
Those  students  who  have  completed  at  least  one  course  in 
three  areas  of  instructional  design,  educational  television, 
and  hypermedia  production  can  enter  the  course.  Through 
a  series  of  demonstrations  and  laboratory  exercises, 
students  receive  hands-on  instruction  on  how  to  use  the 
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voice,  video  and  computing  features  of  the  desktop 
workstation;  and  establish  and  maintain  communications 
with  at  least  one  remote  desktop  workstation.  As  students 
are  already  familiar  with  HyperCard  (Allen,  Dodge,  & 
Saba  1990)  and  have  learned  how  to  produce  and  use 
video  clips  in  prior  courses,  they  can  quickly  learn  how  to 
use  the  desktop  workstation  for  establishing  bi-directional 
and  synchronous  communications  with  their  learner 
working  at  a  remote  deskt(^  workstation.  The  only  new 
feature  to  them  is  Timbuktu,  a  communications  software 
that  enables  the  instructor  to  share  his/her  hard  disk  drive 
with  the  learner  for  a  variety  of  different  computing 
purposes,  including  screen  sharing  and  file  transferring. 
Timbuktu  is  a  user  friendly  software  and  its  use  becomes 
transparent  to  both  the  instructo.  and  the  learner  after  a 
few  minutes  of  initial  exposure. 

Once  students  have  become  familiar  with  basic 
comjnunications  and  computing  features  of  the  worksta- 
tion, they  forai  groups  of  3  to  5.  They  are  provided  with 
instructional  design  guidelines  to  produce  a  HyperCard 
shell  as  an  authoring  template  for  designing,  developing, 
and  presenting  telelessons;  and  for  managing  on-line 
instructional  systems.  Within  the  confines  of  the  guide- 
lines, they  are  encouraged  to  use  their  creative  talents  to 
include  features  in  the  template  that  would  help  them  to 
strike  an  ^propriate  balance  between  dialog  and  struc- 
ture, as  well  as  to  maintain  good  communications  with 
learners  for  administrative  and  counseling  purposes. 

Authoring  templates  are  presented  in  class  and 
students  receive  feedback  from  their  peers  and  instructor. 
Once  the  templates  are  refined,  each  student  selects  a 
content  area,  or  an  administrative/counseling  procedure 
for  designing,  developing  and  presenting  a  program.  Final 
projects  are  delivered  "live"  and  on-line  as  students  teach 
their  learners  a  combination  of  facts,  concepts,  proce- 
dures, rules,  principles,  or  theories  related  to  selected 
content  areas.  As  students  are  free  to  experiment  with  a 
wide  variety  of  content  areas,  final  projects  have  ranged 
from  teaching  techniques  of  shot  composition  with  a 
video  camera,  to  administering  acupuncture.  Final 
projects  are  evaluated  by  the  instructor  as  each  student 
delivers  his/her  program.  The  evaluation  forai  contains 
criteria  related  to  meta  design,  or  the  organization  and 
administration  of  a  system;  macro  instructional  design,  or 
instructional  strategies  and  the  balaiKC  between  dialog 
and  structure;  and  micro  design  or  font  selection,  text 
density,  and  the  design  of  graphics  and  audio  and  video 
segments. 

Students'  Response 

EDTEC  651,  has  been  offered  on  an  experimental 
basis  for  the  past  three  years.  Each  year,  students  have 
received  it  with  enthusiasm,  dedication  and  hard  work. 
They  feel  they  are  contributing  to  the  future  development 


of  the  field  of  distance  education  by  devel(^ing  and 
presenting  demonstration  projects  on  a  new  technology. 
Because  of  its  success,  the  department  will  offer  the 
course  on  a  regular  basis  in  the  future. 
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The  Teochor's  Rol#  in  Evcduoting  Distonca 
Leorning 

ne  of  the  most  exciting  aspects  of  distance 
learning  is  its  potential  for  innovation.  Distance 
learning  has  been  used  for  many  worthwhile 
purposes,  from  providing  educational  services  to  the 
homebound  student  to  allowing  inner  city  students  to 
electronically  attend  dress  rehearsals  at  Lincoln  Center 
Indeed,  this  flexibility  and  innovation  may  be  the  most 
important  reason  that  distance  learning  is  such  an  exciting 
technology  in  education. 

Education  as  a  field,  however,  is  not  known  for  its 
rapid  acceptance  of  innovative  approaches.  Most  teachers 
are  still  without  even  the  basic  electronic  necessities 
enjoyed  by  other  professionals,  for  example,  a  class 
telephone.  Reasons  for  this  apparent  failure  to  adopt 
educational  innovation  are  varied  and  range  from  the 
trivial  to  the  serious.  While  some  K-12  administrators 
reportedly  believe  that  a  telephone  in  the  classroom  will 
be  misused,  most  administrators  fail  to  quickly  accept 
educational  innovation  simply  because  they  want  to  be 
very  sure  that  any  new  program,  service,  or  curriculum  is 
approached  with  the  caution  which  is  necessary  to  prevent 
potentially  detrimental  pedagogical  methods  from 
harming  students.  This  attitude  and  position  is,  of  course, 
perfectly  correct  in  terms  of  protecting  the  right  of 
students  to  receive  as  effective  an  education  as  can  be 
provided. 

The  process  of  testing  new  educational  approaches 
before  they  are  adopted  is  rightfully  deliberate  and  often 
slow.  While  this  paper  is  not  the  appropriate  forum  to 
discuss  the  ongoing  problems  which  exist  with  various 
types  of  testing,  student  scores  of  some  type  are  most 
often  used  to  review  educational  innovation;  i.e.,  to 
demonstrate  whether  or  not  and  to  what  degree  students 
actually  learn  via  a  given  approach.  Tests  of  student 
knowledge  can  range  from  national  standardized  tests  to 
teacher-developed  quizzes.  These  methods  can  be  a 
valuable  means  of  determining  distance  learning*  s 
effectiveness  in  producing  acceptable  student  learning. 

Student  Tests  and  ttie  Relotionship  to  Student 
Leorning 

When  a  new  educational  approach  such  as  distance 
learning  is  undertaken,  the  degree  to  which  students 
actually  learn  must  be  assessed.  And,  good  or  bad,  most 
teachers  continue  to  rely  on  test  scores  to  assess  student 
learning.  Educational  evaluators,  who  must  work  closely 
with  teachers,  also  often  rely  on  student  test  scores  to 
determine  the  efficacy  of  given  educational  approaches. 
This  makes  sense  for  several  reasons.  If  a  student's  test 
score  (or  an  aggregate  of  scores)  is  used  by  educators  to 
decide  whether  or  not  a  student  should  be  promoted,  these 
scores  can  certainly  be  used  by  evaluators  to  determine 
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the  effectiveness  of  the  approach  which  produced  these 
scores,  Additionally  it  is  more  efficient  for  evaluators  to 
employ  testing  methods  teachers  use  so  that  teachers  will 
not  have  to  devote  additional  time  and  energy  to  design- 
ing, administering,  and/or  grading  tests  designed  specifi- 
cally for  the  evaluation. 

In  the  best  scenario,  pre  and  post  tests  might  be 
administered  to  students  enrolled  in  the  experimental 
approach  as  well  as  in  a  matched  class  of  students  who 
are  being  taught  traditionally.  While  this  is  clearly 
desirable,  it  seldom  happens  in  the  real  world  because  two 
classes  of  students  taking  the  same  specific  course  are 
seldom  matched  on  ail  variables  known  to  be  important 
educationally.  However,  because  evaluators  and/or 
educators  must  demonstrate  lhat  new  educational  ap- 
proaches are  or  are  not  effective,  some  type  of  compara- 
tive student  assessment  is  necessary. 

Fortunately,  in  regular  K-12  courses  such  as  French  I, 
another  class  at  the  same  level  (e.g.,  10th  grade)  is 
typically  taught  traditionally.  In  fact,  due  to  the  public 
and,  therefore,  standard  provision  of  textbooks  throughout 
a  district,  the  books  used  for  all  French  I  classes  are 
probably  the  same.  Therefore,  students  are  matched  in 
terms  of  teaching  materials  and  grade  levels.  Using 
student  records  already  available,  evaluators  can  deter- 
mine whether  or  not  the  students  are  matched  on  other 
important  variables.  Evaluators  are  often  able  to  find 
these  situations.  However,  evaluators  who  wish  to  use 
such  a  matched  design  must  work  closely  with  teachers  to 
identify  these  ccwnparison  classes  at  the  beginning  of  the 
year. 

Once  the  matched  classes  have  been  identified,  an 
appropriate  test  must  be  selected.  What  can  be  done  if  the 
traditionally  taught,  matched  class  caimot  be  pre-tested 
because  the  classes  cannot  be  identified  before  school 
begins?  This  is  a  conunon  situation  which  occurs  when 
the  availability  of  distance  learning  or  another  technology 
is  not  known  until  school  actually  opens. 

In  such  a  case,  the  educator  and  evaluator  can  still 
work  together  to  identify  a  traditionally  taught  class 
against  which  the  distance  learning  students*  educational 
outcomes  can  be  compared.  That  is,  final  post-test  scores 
and/or  grades  can  be  obtained  in  this  situation;  however, 
pre-tests  scores  cannot  be  collected.  In  lieu  of  these  pre- 
test scores,  beginning  student  grade-point  averages 
(CPAs)  can  be  used.  That  is,  if  the  average  GPAs  of  the 
traditional  and  distance  learning  classes  do  not  differ 
significantly,  the  evaluator  can  predict  that  students  in  the 
two  types  of  classes  will  not  differ  regarding  final  test 
scores.  This  method,  while  clearly  not  as  rigorous  as  a 
pre-post  test  design  for  student  groups  matched  on  all 
significant  variables,  is  useful  in  many  distance  learning 
situations. 


Testing  Alfornativ0s 

If  formal,  written  tests  are  not  used  to  determine 
students*  educational  outcomes,  the  evaluator  and  the 
teacher  should  discuss  the  specific  methods  which  are 
used  to  detennine  student  success.  The  evaluator  should 
be  willing  to  accept  whatever  method  the  educator  uses.  If 
the  teacher  typically  uses  oral  presentations  to  assess 
student  progress,  the  evaluator  should  also  be  willing  to 
accept  this  method  of  judging  student  success.  If  a  teacher 
promotes  or  fails  a  student  based  on  a  given  assessment 
method,  this  method  is  also  defensible  for  evaluation 
purposes. 

Student  Privocy 

Before  any  method  of  judging  student  effectiveness 
can  be  selected,  evaluators  must  work  with  educators  to 
ensure  that  student  privacy  is  protected.  While  the  degree 
to  which  such  privacy  is  protected  varies  from  school  to 
school,  the  Federal  Privacy  Act  of  1974  mandates  that 
such  protection  is  provided  in  all  situations  in  which 
public  funds  are  spent.  The  evaluator  must  assume 
primary  responsibility  for  this  issue  and  must  prompt 
serious  discussion  of  the  matter  with  appropriate  educa- 
tors and  administrators.  Some  school  systems  have 
developed  procedures  to  protect  student  privacy  and  these 
must  obviously  be  identified  and  complied  with  before 
any  student  information  is  released.  Even  in  schools  and 
districts  in  which  no  fonnal  policy  is  enforced,  evaluators 
must  make  every  effort  to  assist  teachers  and  ensure  lhat 
student  and  teacher  rights  are  protected.  The  1974  Privacy 
Act  mandates  that  every  data  collection  instnmient  and 
procedure  clearly  describes  specifically  who  will  use  the 
data  and  for  what  specific  purpose.  Additionally,  every 
data  collection  form  should  ensure  in  writing  that  no 
individual  respondent  will  be  identified  as  a  part  of  the 
study;  i.e.,  that  data  will  only  be  presented  in  aggregate. 
Finally,  any  data  collection  form  must  also  contain  a 
statement  which  explains  a  respondent's  right  to  withdraw 
from  the  study  at  any  time. 

While  it  is  admittedly  time  consuming  for  an  evaluator 
to  identify  and  address  each  of  the  issues  discussed  herein 
with  each  educator  involved  in  a  given  projea,  failure  to 
do  so  is  clearly  unprofessional. 

Teocher/Evcluator  Agreement 

Teachers  ntay  not  accept  evidence  that  a  specific 
program  or  service  was  effective  if  they  had  no  input 
about  the  best  ways  in  which  such  effectiveness  could  be 
assessed.  Nor  should  teachers  have  to  bear  the  burden  of 
explaining  a  student's  involvement  in  an  innovative  or 
experimental  educational  approach — and  its  evaluation — 
to  parents.  Parents  are  concerned  about  their  children's 
right  to  an  effective  education  and  their  right  to  privacy.  It 
has  been  the  experience  of  tliis  evaluator  that  both 


7Z6  Technology  and  Teacher  Education  Annual  — 1993 

o  ,733 


ERJC 


teachers  and  parents  appreciate  the  attention  to  student 
rights  which  is  reflected  in  the  activities  described  above 
and  that  parents,  teachers,  and  students  are  willing  to 
provide  data  which  they  are  awaie  will  promote  effective 
schools* 

Conclusion 

The  future  of  distance  learning  and  other  innovative 
educational  technologies  seems  bright;  however,  it  is 
imperative  that  this  future  actually  be  demonstrated  in 
terms  of  positive  student  outcomes  resulting  from  such 
innovations.  Evaluators  must  work  closely  with  teachers 
to  guarantee  that  this  occurs. 

Tara  D.  Knott  is  president  of  Evaluation  Resources,  Inc., 
4646  Poplar.  Suite  509,  Memphis,  Tennessee  38117 
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In  reviewing  the  papers  included  in  this  section,  we 
werc  reminded  of  the  dramatic  progress  that  educa 
tional  technologists  have  made  over  the  past  few  years 

(1)  in  developing  ways  to  deliver  feedback  to  learners  and 

(2)  in  expanding  the  scope  of  the  feedback  that  is  delivered. 
Twenty-one  years  ago,  our  research  at  the  University  of 
Virginia  centered  on  providing  elementary  students  with 
feedback-laden  remedial  reading  iustniction  which  was 
administered  by  a  teaching  machine  that  was  literally  tied 
together  with  government  surplus  relays  and  timers  (Strang, 
1972).  In  the  early  1980s,  a  simulation  program  stored  on 
an  eight-inch  floppy  disk  provided  our  first  group  of 
preservice  teachers  with  very  simple  feedback  on  their 
"basic  teaching  skills.'*  By  the  late  1980s,  we  were  able, 
with  the  help  expanding  computer  technology,  to  introduce 
our  preservice  teachers  to  a  class  of  simulated  pupils  who 
"provided  feedback"  to  many  teacher  actions  in  ways  that 
emulated  live  students  (Strang,  Badt,  &  Kaufftnan.  1987). 
We  are  currently  moving  toward  a  goal  that  will  further 
enable  us  to  extend  the  scope  of  the  feedback  provided  to 
our  pre^rvice  participants.  Research  is  underway  to 
discover  the  teaching  styles  that  students  employ  as  they 
complete  simulated  lessons.  Once  such  styles  are  isolated, 
the  feedback  provided  during  simulations  can  change  from 
universal  listings  of  behavioral  frequencies  to  customized 
profiles  that  are  specifically  designed  to  help  individual 
students  to  better  achieve  their  "unique  potentials'*  as 
teachers. 

The  use  of  state-of-the-art  technology  to  provide 
powerful  feedback  to  learners  is  also  a  prominent  theme  in 
the  remaining  three  papers  found  in  this  section.  At  the 
University  of  Southern  Mississippi,  Rae  Schipke  is  devel- 
oping flexible  simulations  for  local  area  networks  (LAN's). 
In  the  prototypic  simulation  on  giftedness  which  Schipke 
describes,  the  interplay  of  assigned  teacher,  students, 
observers  and  experts  during  the  teaching  i^ase  promotes 
powerful  collective  feedback— feedback  that  helps  the 
students  to  begin  to  undei-stand  the  distinct  roles  that 
different  participants  play  in  the  teaching  experience.  The 
simulation's  debriefing  and  follow-up  phases  also  offer  a 
variety  of  opportunities  for  procuring  additional  relevant 
feedback. 

At  the  University  of  Maryland  at  College  Park,  Judith 
Tomey-Purta  is  working  with  the  International  Communi- 
cations and  Negotiations  Project  (ICON).  This  innovative 
project  employs  computer  networking  and  a  carefully 
planned  structure  to  encourage  adolescents  to  learn  more 
about  major  worid  issues.  Rich  sources  of  feedback  are 
provided  via  the  project's  reliance  on  focused  peer  ex- 
changes. 

In  the  final  paper,  Dora  Perry-Wilson  extends  the 
envelope  of  feedback  to  embrace  nonlinear  science.  Three 
feedback  loops  are  provided  to  illustrate  her  approach  to 
interdisciplinary  curriculum  design. 


728  Technology  and  Teocher  Education  Annual  — 1993 


74  i 


References 

Strang,  H.  R.  (1972).  An  automated  approach  to  remedial 
reading.  Psychology  in  the  Schools y  9(4),  433-439. 

Strang,  H.  R.,  Badt,  K.  S.,  &  Kauffman.  J.  M.  (1987). 

Microcomputer-based  simulations  for  training  fundamental 
teaching  skills.  Journal  of  Teacher  Education,  55(1),  20-26. 

Harold  R.  Strang,  an  educational  psychologist  is  a 
tenured  professor  in  the  Department  of  Educational 
Studies  at  the  University  of  Virginia.  He  teaches  an 
undergraduate  course  in  child  development  and  graduate 
courses  in  concepts  of  learning,  human  development,  and 
adult  development.  Over  the  past  decade  he  and  several 
colleagues  have  been  developing  and  conducting  research 
on  computer-based  teaching  simulations. 


Susanne  M.  DeFalco  is  an  educational  psychology 
student  in  the  Department  of  Educational  Studies  at  the 
University  of  Virginia.  Her  academic  interests  include 
educational  computing  as  applied  to  special  populations, 
and  the  role  of  auditory  perception  in  learning  disabili- 
ties. 


mc 


BEST  COPY  AVAILABLE 


Simulations:  Section  Intro  729 


Exploring  teaching 
techniques  via  A 
microcomputer  simulation 

Harold  R.  Strang 
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Introduction 

Since  the  early  1980s,  research  conducted  at  the 
Cuny  School  of  Education  has  demonstrated  that 
microcomputer  simulations  can  be  used  to  teach  a 
variety  of  instructional  and  behavior-management  skills  to 
preservice  teachers  (see  Strang  &  Loper,  1983-84;  Strang, 
Murphy,  Kaufftnan,  Badt,  &  Loper.  1986;  Strang,  Badt,  & 
Kauf fman,  1987).  Development  efforts  over  this  period 
have  produced  teaching  sunulations  that  have  become 
inaeasingly  more  realistic  in  offering  participants  options 
for  interacting  with  software-defined  pupils  who,  them- 
selves, have  inaeastngly  acquired  many  of  the  character- 
istics of  their  live  counterparts.  Paralleling  these  changes, 
the  feedback  provided  to  participants  has  expanded  from 
sunple  lists  of  basic  skill  proficiencies  to  profiles  which 
offer  more  comprehensive  information  on  teaching 
strategies.  The  current  study  was  designed  to  define  the 
major  techniques  that  preservice  participants  use  in 
addressing  the  challenges  encountered  in  the  current 
Cuiry  Teaching  Simulations. 

Research  Goots 

At  present,  a  pool  of  over  200  variables  define  various 
aspects  of  a  participant's  simulation  experience.  The 
purpose  of  the  current  study  is: 

1.  to  identify  major  clusters  of  performance  variables  that 
define  distinct  teaching  techniques  of  the  preservice 
participants  who  complete  theteaching  simulation;  and 

2.  to  test  for  relationships  between  the  teaching  tech- 
niques and 

a.  personality  traits  as  derived  from  the  Myers-Briggs 
Type  Indicator  (MBTI),  Form  G  (Briggs  arid  Myers, 
1977),  and 

b.  demographic  variables  including  gender,  age,  teaching 
experience,  and  teaching  specialty. 

The  MBTI  was  selected  as  the 
personality-measurement  vehicle  because  it  assesses 
historically  significant  personality  variables,  provides 
information  that  students  find  useful,  and  is  relatively 
easy  to  administer  and  score. 

It  is  anticipated  that  the  results  derived  from  the 
current  project  will  contribute  to  the  discovery  of  distinct 
teaching  styles  defined  by  the  interplay  of  behavioral, 
personality,  and  demographic  variables.  As  we  learn  more 
about  these  styles,  we  will  be  better  able  to  assist  teacher 
educators  to  develop  training  experiences  that  nurture  the 
personal  strengtlis  of  their  students. 

Project  Description 

A  pilot  phase  of  the  project  was  completed  during  the 
fall  1991  academic  semester.  Subjects  included  75 
preservice  teachers  enrolled  in  a  learning  and  develop- 
ment course  taught  at  the  Curry  School.  To  complete  one 
of  the  laboratory  assignments  for  this  course,  each  subject 
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assumed  the  role  of  a  teacher  and  conducted  a  lesson 
consisting  of  an  unfolding  series  of  dialogue  exchanges 
with  a  class  of  12  software-Klefined  pupils.  These  pupils 
were  preset  to  display  levels  of  initiative,  content  prepara- 
tion, and  a  propensity  to  exhibit  common  misbehaviors 
similar  to  that  described  by  Strang,  Landrum,  &  Ulmer 
(1991).  Performance  variables  from  the  fall  1991  data  set 
were  submitted  to  principal  components  factor  analyses 
performed  with  the  PC  version  of  SPSS  (Norusis,  1990), 
When  three  interpretable  performance  factors  emerged 
from  these  initial  analyses,  it  was  decided  to  conduct  a 
more  comprehensive  study  in  this  area. 

During  the  fall  of  1992,  each  of  135  students,  drawn 
from  the  same  course  described  in  pilot  study: 

1.  completed  a  126-item  paper-and-pencil  instrument. 
Form  G  of  the  MBTI,  several  days  before  beginning 
the  laboratory  portion  of  the  l  ercise; 

2.  conducted,  during  the  laboratory  session,  a  simulated 
lesson  similar  to  that  described  in  the  1991  pilot  study; 

3.  completed  a  post-simulation  questionnaire  which 
included  demographic  and  simulation-evaluationitems; 
and 

4.  received  a  short  debriefing  during  which  a  teacher 
trained  in  MBTI  interpretation  discussed  the  subject's 
performance  on  the  personality  device  and  on  several 
computer-generated  instruments  which  depicted 
lesson-related  teaching  and  behavior-management 
response  patterns. 

Subjects  usually  completed  both  the  initial 
paper-and-pencil  and  active  participation  phases  of  the 
assignmeiit  within  a  two-hour  time  period. 

Churacteristics  of  the  lesson.  Each  subject  completed 
one  of  two  parallel  forms  of  the  simulation  the  length  of 
which  was  defined  by  50  distinct  teacher-sunulated  pupil 
interactions.  Lesson  content  consisted  of  16  spelling 
words  and  16  math  {Koblems.  The  six  male  and  six  female 
pupils  varied  in  the  following  ways. 

Initiative.  Four  of  the  12  pupils  were  preset  to  express 
a  desire  (via  raised  hands)  to  participate  in  lesson-related 
activities;  eight  pupils  were  preset  to  express  no  initiative. 

Homework  preparation.  Four  pupils  were  preset  to 
answer  correctly,  prior  to  any  prompting,  any 
content-related  questions  that  the  teacher  posed;  eight 
pupils  were  preset  to  answer  incorrectly. 

Misbehavior.  Four  pupils  were  preset  to  emit  a  total  of 
10  daydreaming  misbehaviors;  four  other  pupils  were 
preset  to  emit  a  total  of  10  talking-out  misbehaviors. 
Misbehaviors  were  preprogrammed  to  occur  in  clusters — 


that  is,  one  daydreaming  and  one  talking-out  misbehavior 
always  began  during  the  same  teacher-pupil  interaction. 

A  casual  review  of  the  pupil  characteristics  settings 
clearly  reveals  that  during  their  lalxH^ory  teaching 
session  the  participating  preservice  teachers  faced 
demanding  instructional  and  betiavior-management 
challenges. 

Results 

Teaching  techniques  factors 

A  principal  components  factor  analysis  with  a  varimax 
rotation  was  applied  to  the  simulation  performance  scores 
of  1992  participants.  This  procedure  isolated  the  same 
three  teaching  techniques  factors,  each  defined  by  five 
variables,  that  had  been  isolated  in  the  1991  pilot  data  set. 
Factor  structure  similarities  across  the  two  years  were 
assessed  by  comparing  coefficients  of  congruence 
(Gorsjch,  1974,  pp.  253-254).  Coefficients  for  corre- 
sponding factors  ranged  from  .91  to  .95,  and  for 
noncorresponding  factors  from  -.08  to  +.09. 

The  following  descriptions  outline  the  five  variables 
that  constitute  each  of  the  three  factors. 

Factor  I:  Misbehavior  intervention  (effective  behavior 
management  versus  ineffective  behavior  management). 

Scores  on  this  factor  define  how  the  teacher  addressed 
behavior  management  during  the  lesson.  A  high  factor  1 
score  indicates  that  during  the  simulated-teaching  session: 

1.  the  teacher  maintained  a  high  rate  of  total  class 
attention  during  the  lesson; 

2.  the  teacher's  first  attempt  to  intervene  misbehavior 
was  apt  to  be  effective; 

3.  the  teacher  spent  relatively  brief  amounts  of  time  in 
remediating  talking-out  misbehavior; 

4.  the  teacher  rarely  used  the  ineffective  intervention 
technique  of  reprimanding  pupils  for  misbehavior;  and 

5.  the  teacher  rarely  used  the  ineffective  intervention 
technique  of  becoming  involved  in  off-task  verbal 
exchanges  with  misbehaving  pupils. 

A  low  score  on  this  factor  defines  ineffective  teacher 
misbehavior  management  which  is  illustrated  by  the 
converse  of  the  effective  pattern. 

Factor  2:  Instructional  delivery  (pupil-oriented 
instruction  versus  task-oriented  instruction). 

Scores  on  this  factor  define  how  the  teacher  structured 
the  lesson.  A  high  factor  2  score  indicates  that  during  the 
simulated-teaching  session: 

6.  the  teacher  was  apt  to  ask  the  class  to  "take  a  moment 
and  think  about  bow  to  answer"  a  particular  question; 

7.  the  teacher  was  apt  to  seek  out  volunteers  to  partici- 
pate; 

8.  the  teacher  was  apt  to  ask  the  class  to  indicate  who 
was  prepared  to  answer  a  content-based  question; 
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9.  the  teacher  was  not  apt  to  introduce  a  new  content  item 
by  asking  a  pupil  to  render  an  answer;  and 

10.  the  teacher  was  not  apt  to  solicit  answers  from  a  pupil 
who  "was  not  ready  to  respond  correctly. 

A  low  score  on  this  factor  defines  a  pattern  of  instruc- 
tional delivery  which  is  more  mechanical — a  pattern 
which  iUustrates  the  converse  of  the  pupil-oriented 
approach. 

Factor  3:  Activity  sequencing  (proactive  teaching 
style  versus  a  reactive  teaching  style). 

Scores  on  this  factor  define  the  degree  to  which  the 
teacher  controlled  the  sequencing  of  activities  during  the 
simulated  lesson.  A  high  factor  3  score  indicates  that 
during  the  sunulated-teaching  session: 

11 .  the  teacher  was  apt  to  spend  a  relatively  long  period  of 
time  in  completing  each  lesson-related  event; 

12.  the  teacher  was  apt  to  show  a  relatively  long  latency 
before  attempting  to  intervene  a  misbehavior, 

13.  the  teacher  was  not  apt  to  interrupt  class  activity  to 
intervene  a  non-disruptive  daydreaming  misbehavior, 

14.  the  teacher  showed  little  variability  in  the  number  of 
interactions  conducted  with  pupils  requiring 
remediation;  and 

15.  the  teacher  was  not  apt  to  respond  to  other  class 
concerns  without  first  attempting  to  assist  a  pupil  who 
had  rendered  an  incorrect  answer. 

A  low  score  on  this  factor  defmes  reactive 
decision-making  teacher  behavior  which  illustrates  the 
converse  of  the  proactive  pattern. 


Table  1  presents  the  factor  loadings  from  the  fall  1992 
data  set  for  the  15  variables  that  constituted  the  three 
factors. 

Myers-Briggs  Type  Indicator  results 

Four  personality  measures  are  derived  from  the  MBTI. 
Note  that  the  scoring  of  the  instrument  forces  a  choice  on 
each  scale,  but  some  preferences  are  too  slight  to  be 
reliable  for  research  purposes.  Standard  scoring  conven- 
tions were  used  to  assign  each  subject  to  one  of  the  three 
categories  for  each  scale.  Note  that  incomplete  data  for 
one  subject  resulted  in  a  sample  size  of  134  for  analyses 
which  involved  personality  and/or  demographic  variables. 

Extroversion  (E)  versus  Introversion  (II  This  scale 
indicates  whether  an  individual  prefers  to  focus  on  the 
external  world  (E)  or  on  the  inner  world  of  thoughts  and 
ideas  (I).  Sixty-four  subjects  showed  a  clear  extroversion 
preference,  50  showed  a  clear  introversion  preference,  and 
20  failed  to  show  a  clear  preference. 

Sensing  (S)  versus  Intuition  (N),  This  scale  indicates 
whether  an  individual  prefers  to  gain  infonnation  about 
the  world  from  sensory  (S)  experiences  or  from  intuitive 
(N)  processing.  Forty-four  subjects  showed  a  clear 
sensing  preference,  58  showed  a  clear  intuitive  prefer- 
ence, and  32  failed  to  show  a  clear  preference. 

Thinking  (T)  versus  Feeling  (F),  This  scale  indicates 
whether  an  individual  prefers  to  make  deciswns  based  on 
objective  (1)  or  on  sul^ective  (F)  criteria  Twenty-eight  subjects 
showed  a  clear  thinking  preference,  80  showed  a  clear  feeling 
pfefeience,  and  26  fiailed  to  show  a  clear  preference. 


Table  1 


Rotated  Factor  Matrix  for  15  Simulation  Performance  Variables 

Variable 

Factor  1 

Factor  2 

Factor  3 

Number 

Loadings 

Loadings 

Loadings 

1 

.73 

.12 

-.02 

2 

.87 

-.07 

.18 

3 

-.59 

-.09 

.31 

4 

-.68 

-.02 

-.11 

5 

-.76 

.09 

-.17 

6 

.19 

.68 

-.00 

7 

.07 

.66 

.03 

8 

-.13 

.66 

-.35 

9 

.15 

-.79 

-.04 

10 

-.05 

-.61 

-.20 

11 

25 

.10 

.59 

12 

-.11 

.13 

.73 

13 

-.25 

.23 

.63 

14 

-.22 

.06 

-.48 

15 

-.06 

.23 

-.49 
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Judging  (J)  versus  Perceiving  (P).  This  scale  indicates 
whether  an  individual  {M'efers  closure  (J)  or  is  comfortable 
with  open-ended  situations  (P).  Sixty-nine  subjects 
showed  a  clear  judging  preference,  42  showed  a  clear 
perceiving  preference,  and  23  failed  to  show  a  clear 
preference. 

Demographic  variables 

The  following  three  demographic  variables  were 
jjathered  from  the  MBTI  form,  from  teacher  education 
program  records,  and  from  the  end-of-session  question- 
naires completed  by  each  subject. 

Gender.  The  subjects  participating  in  the  fall  of  1992 
included  1 13  females  and  21  males. 

Age.  Ages  of  the  preservice  teachers  ranged  from  19 
years  to  41  years.  The  mean  age  was  2L6  years  with  a 
standard  deviation  of  3.4. 

Teaching  specialty.  Forty-three  subjects  were  enrolled 
in  the  elementary  program  area,  and  61  were  enrolled  in 
secondary  program  areas.  On  the  secondary  level,  6, 12, 
17, 16,  and  10  subjects  were  majoring  in  science,  math, 
English,  social  studies,  and  foreign  language,  respec- 
tively. Eighteen  subjects  were  enrolled  in  special  educa- 
tion, and  6  were  enrolled  in  physical  education.  Six 
subjects  could  not  be  classified  into  a  single  category, 
usually  because  of  multiple  majors. 

Regression  onalyses 

Stepwise  multiple  regression  procedures  were  usa^  to 
examine  (a)  which  of  the  four  personality  variables  and 
(b)  which  of  the  three  demographic  variables  showed 
unique  contributions  to  the  three  technique  factors,  each 
of  which  was  defined  by  factor  scores  (Nwusis,  1990,  pp. 
B67-B68).  Note  that  each  teaching  specialty  category  was 
treated  as  a  dummy  variable  (see  Nie,  Hull,  Jenkins, 
Steinbrenner,  &  Bent,  1975,  p.  374). 

Misbehavior  intervention.  The  overall  regression 
equation  for  the  misbehavicM-  intervention  factor  was 
significant  (/7<.01)  and  explained  8.8%  of  the  variance  for 
that  factor.  The  sensory  versus  intuitive  variable  ac- 
counted lor  a  significaiit  3.4%  of  unique  variance  (p<.04). 
Students  high  in  intuition  were  mcxe  likelyto  employ 
effective  behavior-management  techniques  than  students 
high  in  sensing.  The  gender  variable  accounted  for  a 
significant  3.2%  of  the  remaining  unique  variance 
(p<.04).  Female  subjects  were  more  likely  to  employ 
effective  misbehavior  intervention  techniques  than  were 
males.  Finally,  the  age  variable  accounted  for  2.2%  of  the 
remaining  unique  variance  (/x.08).  Older  subjects  were 
more  likely  to  employ  effective  misbehavior  intervention 
techniques. 

Instructional  delivery.  The  overall  regression  equation 
for  the  instructional  delivery  factor  was  significant 
(p<.01)  and  explained  11.7%  of  the  variance  for  that 


factor.  The  math  majcM*  variable  accounted  for  a  signifi- 
cant 5.5%  of  the  unique  variance  (/K.Ol).  The  science 
major  variable  accounted  for  a  significant  6.2%  of  the 
remaining  unique  variance  (p<.01).  Students  majoring  in 
math  and  students  majoring  in  science  were  more  likely  to 
use  task-centered  instruction  than  were  students  majoring 
in  other  areas. 

Activity  sequencing.  The  overall  regression  equation 
for  the  activity  sequencing  factor  was  significant  (p<.01) 
and  explained  1 1 .8%  of  the  variance  for  that  factor.  The 
age  variable  accounted  for  8.9%  of  the  unique  variance 
(/X.01).  Oldo:  subjects  were  more  likely  to  demonstrate 
proactive  teaching  styles.  The  physical  education  major 
variable  accounted  for  a  significant  2.8%  of  the  remaining 
unique  variance  (/k.05).  Students  majoring  in  physical 
education  were  more  likely  to  exhibit  a  reactive  teaching 
style  during  their  simulated  teaching  than  were  students 
majoring  in  other  areas. 

Discussion 

The  identification  (and  replication)  of  the  teaching 
techniques  factors  represents  the  most  significant  finding 
of  this  study.  These  clearly  defined  measures  address 
three  fundamental  classroom  techniques — what  a  teacher 
does  when  pupils  misbehave,  what  a  teacher  focuses  on 
during  instructional  delivery,  and  what  motivates  a 
teacher's  future  actions:  intrinsic  planning  or  external 
demands  linked  to  pupil  behavior. 

The  results  of  the  regression  analyses  further  reveal 
that  personality  and  demographic  variables  are  tied  to  the 
three  behavior-defined  factors.  The  sensing  versus 
intuition  and  gender  variables  predict  how  a  subject  will 
manage  misbehavior,  and  three  of  the  teaching  specialty 
variables  predict  how  a  subject  will  deliver  instruction 
and/or  sequence  classroom  activities.  Age  also  is  a 
predictor  of  classroOTi  sequencing.  These  findings 
stimulate  interesting  speculations  on  issues  ranging  from 
the  dynamics  of  why  students  choose  and  are  accepted 
into  specific  program  areas  to  the  impact  that  these 
program  areas  have  in  developing  distinctteaching  styles 
in  students.  As  indicated  in  the  results,  however,  most  of 
the  variables  discussed  accounted  for  a  relatively  small 
amount  of  total  regression  equation  variance.  An  ex- 
panded replication  of  the  current  study  will  be  conducted 
during  the  1993  academic  year.  We  will  continue  to 
investigate  the  relationship  between  student  gender,  age, 
and  program  area  and  the  three  teaching  technique  factors 
described  in  the  current  study.  In  attempting  to  expand 
our  understanding  of  the  three  technique  dimensions,  the 
current  variable  pool  will  be  expanded  to  include  addi- 
tional personality  measures  of  self-efficacy  and  personal 
optimism,  as  well  as  demographic  measures  of  academic 
performance  and  previous  experience  in  working  with 
children.  In  addition,  we  will  search  for  links  between  the 
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ways  subjects  communicate  via  complete  text  statements 
with  simulated  pupils  (see  Lawson  &  Strang,  1993)  and 
their  teaching  techniques  scores. 

Research  on  the  three  teaching  techniques  factors  must 
also  be  extended  to  include  field  studies.  Such  research 
will  ascertain  whether  the  techniques  tliat  preservice 
teachers  employ  during  the  completion  of  a  simulated 
lesson  are  the  same  as  those  that  they  will  employ  m  real 
classrooms. 
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Overview 

There  is  no  point  in  work 
Unless  it  absorbs  you. 
Like  an  absorbing  game. 
If  it  doesn  't  absorb  you, 
If  it's  never  any  fun, 
Don't  do  it 

D.H.  Lawrence 

As  the  complexities  of  instructional  technologies 
and  classroom  contexts  shift,  it  is  important  that 
we  help  preservice  teachers  to  nnderstand  the 
social  and  technological  forces  that  are  shaping  class- 
rooms and  reshaping  leaching.  These  forces,  brought 
about  in  part  by  LAN  technology,  interactive  writing 
software,  and  their  attendant  social  demands,  create  new 
pressures  for  teachers  and  require  dramatic  changes  in 
how  teachers  need  to  be  prepared  to  deal  with  the  added 
social  and  technological  factors.  "Not  only  do  they  have 
to  become  skilled  in  collaborative  writing  pedagogy,  they 
also  have  to  become  proficient  in  the  nature  and  nurture 
of  small  group  dynamics  and  development,  networic 
pedagogy  and  management,  and  instructional  planning 
skills  that  involve  incorporating  computers  and  coopera- 
tive learning  strategies  into  the. .  .curriculum"  (Schipke, 
in  press-a).  It  is  important,  therefore,  that  we  help  teachers 
to  see  teaching  with  technology  as  a  continuous  process 
of  adaptive  behavior,  and  to  appropriately  reshape  and 
alter  theu*  views  about  learning  and  the  resultant  teaching 
strategies.  Creating  **micro  worlds,"  or  synthetic  computer 
teaching  situations  in  whichteachers  can  gain  haiKls-on 
experience  in  planning,  observing,  and  assessing  instruc- 
tion, is  an  important  first  step.  When  these  instructional 
skills  are  taught  in  juxtaposition  with  the  technology,  they 
further  the  development  of  computer-prepared  teachers. 
These  technological  teaching  environments  offer  tremen- 
dous support  and  encouragement  for  students  who  are 
often  reticent  to  learn  about  computers;  they  also  allow 
students  to  experience  firsthand  the  various  successes  and 
failures  that  are  possible  in  the  LAN  instructional 
environment. 

Connecting  Local  Area  Networks  and 
Simulations 

Whether  the  computer  configuration  is  a  single 
arrangement  consisting  of  numerous  computers  or  an 
arrangement  consisting  of  multiple  pods  or  clusters  of 
computers,  the  physical  structure  of  an  LAN  resembles  a 
group  (SchijAe,  in  press-b).  When  interactive  writing 
software  is  installed  on  a  computer  netwoik,  students  can 
freely  communicate  with  one  another  through  written 
dialogue  which  facilitates  not  only  group  (cooperative) 
learning  but  also  collaborative  writing.  Because  of  these 
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social  dimensions,  LAN's  offer  numerous  advantages  for 
teacher  training.  They  offer  a  way  to  demystify  network 
technology  for  teachers  and  a  way  to  help  teachers  learn 
to  make  more  effective  use  of  computer  networks  in  their 
classrooms.  Most  importandy,  LAN's  represent  a  much 
more  effective  method  of  influencing  the  way  that 
preservice  teachers  will  teach.  By  training  future  teachers 
on  LAN's,  using  an  array  of  simulation  activities,  we  not 
only  teach  them  how  to  teach,  we  also  teach  them  how  to 
teach  with  technology.  By  using  simulations  involving 
practical  activities,  oral  skills,  group  work,  and  interactive 
learning,  we  also  allow  future  teachers  to  function  as 
professionals  and  to  learn  from  their  mistakes. 

Because  simulations  are  operating  models  of  physical 
or  social  situations,  they  have  inherent  social  dimensions 
like  those  intrinsic  in  LAN's.  They  are  events  in  which 
the  participants  have  realistic  roles  and  where  sufficient 
information  is  provided  on  a  problem  or  issue  to  enable 
the  participants  to  function  as  professionals.  Because 
there  is  no  teacher,  the  simulation  is,  in  every  respect,  a 
non-taught  event  The  participants  must  accept  the 
responsibilities  and  duties  associated  with  their  profes- 
sional role,  including  the  power  and  authority  to  make 
mistakes  (Jones,  1987).  While  simulations  are,  in  every 
way,  designed  to  represent  reality,  they  in  fact  only 
provide  an  incomplete  or  partial  picture.  Still  they  offer  an 
extremely  effective  bridge  between  theory  and  practice. 
Jones  (1987,  pp.  9-11)  and  Taylor  andWalford  (1978,  pp. 
41-46)  define  certain  aspects  of  a  simulation  that  differen- 
tiate it  from  other  classroom  events  and  make  it  an 
appropriate  learning  model  in  a  teacher  education  context. 
In  summary,  these  aspects  include: 

1.  Experiential  vs.  programnied  learning  (niistakes  are 
inevitable  and  desirable).  Students  have  an  oppoitunity  to 
learn  both  cdlaboiatively  and  on  self-directed  lines. 

2.  Teacher  authorship  vs.  participant  authorship  (key 
facts  must  be  provided,  not  invented  by  participants). 
The  facts  are  a  simplified  abstraction  of  the  bare 
essentials  of  the  situation  being  studied. 

3.  Plausibility  and  consistency  vs.  reality  r^licatkxi  (focus  on 
events  or  people  rather  than  materials  or  paper).  The  focus  is 
upon  explicating  essential  relationships  in  the  situation  and 
upon  understanding  the  interplay  or  dynamks  taking  place 
between  key  roles. 

4.  Process  (open-ended)  vs.  product  (clear  objectives) 
(questions  are  more  important  than  answers).  Students 
have  the  opportunity  to  feel  the  direct  impact  of  the 
consequences  of  decision-making. 

5.  Debrlefings  vs.  measured  outcomes  (lime  allowed  for 
appraisal,  reflection,  and  trying  again  instead  of  instant 
enlightenment).  Time  passes  more  quickly  than 
normal  so  that  the  implications  of  action  in  these 
situations  can  be  clearly  and  repeatedly  felt. 

The  open-ended  nature  of  these  aspects— how  they 


focus  on  the  plausible,  the  experiential,  and  the 
evolutional— logically  parallels  the  processes,  dynamics, 
and  possibilities  that  characterize  relationships  and  events 
that  develop  and  lake  place  on  local  area  networks. 
Therefore,  by  teaching  planning  and  instructional  skills 
via  simulations  in  juxtaposition  with  LAN  technology,  we 
prepare  teachers  who  not  only  possess  content  knowledge, 
but  who  are  flexible,  who  are  self-learners,  and  who  are 
computer  (network)  literate.  Not  only  do  they  learn  from 
the  experiences  that  you  provide,  they  also  learn  from 
their  mistakes.  They  learn  as  most  teachers  eventually 
learn  in  the  field:  how  to  make  decisions,  how  to  deal 
with  ambiguity,  and  how  to  continue  to  learn  throughout 
their  career  from  both  the  successful  and  the  unsuccessful 
events  and  experiences  that  take  place  in  their  classrooms. 

Simulotion  Design  for  the  Networked  Learning 
Context 

Rationale 

Those  preparing  teachers  with  LAN's  and  simulations 
as  a  technique  will  need  to  consider  notonly  the  operating 
arrangements  but  the  design  process  as  well.  This  is 
because  an  appreciation  of  the  design  factors  will  increase 
both  the  sensitivity  and  the  flexibility  with  which  the 
technique  is  used.  Since  designing  simulations  fot  an 
LAN  context  is  a  relatively  new  concept,  it  may  be 
necessary  for  those  preparing  teachers  to  develop  their 
own  LAN  simulations  tailored  to  meet  their  specific 
purposes.  This  may  be,  in  fact,  the  preferred  scenario, 
because  as  Roebuck  (1978)  points  out,  simulations  are 
less  likely  to  "achieve  their  aims  to  the  same  extent  as 
when  authors/designers  are  in  charge  of  the  teaching"  (p. 
104).  Very  often,  teachers'  styles  differ  from  one  another 
and  may  not  match  the  designer's  intentions,  thus 
hindering  effective  implementation  of  the  model. 

Simulation  design,  then,  can  be  a  valuable  learning 
process  for  the  teacher  educator;  teaching  their  own 
simulations  can  also  promote,  even  guarantee,  the 
continued  development  and  use  of  simulations  in  teacher 
preparation  programs.  Another  key  factor  that  will  play  a 
role  in  the  continued  development  and  use  of  LAN 
simulations  is  careful  documentation  and  research  by  the 
designer/teacher.  While  it  will  not  be  discussed  in  great 
detail  here,  it  is  important  to  note  that  as  part  of  the 
learning  process,  teacher  educators  will  need  to  document 
their  design  and  evaluation  processes  thoroughly  (ex.  case 
studies,  descriptive  analytic  studies).  Such  documentation 
will  serve  to  illuminate  both  processes  and  procedures  in 
simulation  development  and  evaluation  and  will  allow  for 
comparison  between  models  and  for  dialogue  among 
simulation  designers/teachers.  These  same  observation 
and  critical  analytical  skills  will  prove  invaluable  to  the 
teacher  educator  who  must  evaluate  or  assess  student 
progress  during  the  simulation. 
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Overview  of  the  design  process 

At  the  heart  of  the  design  process  is  ihe  understanding 
that  simulations  are  organized  devices  for  arranging 
interactions  and  are  ways  in  which  learners  and  media 
interact.  Many  types  of  simulations  exist,  and  there  are 
probably  just  as  many  ways  of  designing  them.  The  best 
analogy  for  writing  a  simulation  is  to  think  of  it  as  a  piece 
of  creative  writing,  requiring  both  know-how  and 
imagination.  Through  the  process  of  design,  the  simula- 
tion writer  creates  a  "fictional"  world  where  a  social 
process  or  system  can  be  understood  and  learned.  Here, 
the  fictional  world  would  include  planning,  teaching,  and 
observation  on  an  LAN.  Still,  while  it  is  difficult  to 
delineate  a  specific  and  universal  process  suitable  for  all 
simulation  writers,  experts  such  as  Abt  (1966),  Boocock 
and  Shild  (1968),  and  Gordon  (1970),  who  have  done 
pioneering  work  in  simulation  design,  have  suggested 
certain  concrete  stages  for  the  design  process.  Taylor  and 
Walford(1978,  pp.44-46)  provide  an  excellent  explanation 
of  these  stages  which  can  be  summarized  as  follows: 

1.  Problem  identification — deciding  upon  the  purpose  of 
the  simulation  and  specific  objectives  (possibly 
creating  a  scenario). 

2.  Context — selecting  the  intended  environment  or 
system  to  be  modeled. 

3.  Isolation  of  component  parts  of  the  system — identify- 
ing and  stating  the  key  elements  of  the  system  such  as 
institutions  or  groups,  major  variables,  and  decision 
sequences. 

4.  Resource  manipulation — deciding  upon  resources  (and 
their  value)  and  using  them  seamlessly  for  both  a)  the 
target  group  (from  2  to  30  or  more  participants)  and  b) 
the  problem  situation  (which  has  clear  objectives  and 
goals). 

5.  Making  the  model  work — formulating  the  interaction 
in  manageable  classroom  terms. 

6.  Finalizing  the  rule  systems — creating  adaptable  rules 
for  the  simulation  by  finding  an  appropriate  balance 
between  real  world  and  artificial  rules  \  :  js  includes 
strict  and  loose  rules  and  those  that  can  be  broken). 

7.  Tuning  the  model — taking  the  simulation  through  a 
dry  run,  analyzing  the  problems  and  successes,  and 
making  the  necessary  adjustments. 

Preparing  Teochers  for  the  Changing  Public 
School 

Before  beginning  the  process  of  deve.  ?ping  the 
simulation(s),  it  is  important  to  note  that  the  role  of  the 
teacher  is  changing  and  so  is  the  institution  called 
"school."  This  is  best  reflected  in  the  proposed  National 
Education  Goals  for  the  year  2000.  Included  among  those 
goals  is  educating  a  literate  populace  whose  members 
have  learned  to  use  their  minds  well  and  who  possess  the 


necessary  knowledge  and  skills  to  compete  in  a  global 
economy.  For  the  teacher  educator  whose  job  is  to  i»epare 
teachers  with  the  appropriate  skills  and  competencies, 
these  goals  alone  represent  a  m^or  challenge.  It  is 
therefore  important  to  begin  the  develcyment  process  by 
defining  (and  continually  redefining,  as  necessary)  the 
role  of  the  teacher  to  meet  these  challenges.  Public  school 
teachers  will  need,  for  example,  to  be  infonned,  flexible, 
well-integrated,  and  able  to  function  effectively  and 
survive  in  this  changing  system.  Among  the  skills  and 
competencies  teachers  will  need  to  possess  are: 

1.  an  understanding  of  student  differences  (culture, 
ability,  and  background); 

2.  an  awareness  of  state  mandates  and  on-the-job 
demands; 

3.  an  understanding  of  the  nature  and  complexity  of  the 
task  of  teaching  in  the  public  school  today; 

4.  the  necessary  methodological,  technological,  and 
problem-solving  skills  to  teach  in  their  discipline;  and 

5.  a  wide  range  of  expertise  (including  reading  specialist, 
writing  instructor,  remediator,  computer/media 
specialist,  psychologist,  counselor,  researcher,  leader, 
facilitator,  ooserver,  etc.). 

Simulations  will  need  to  address  these  various 
requirements  for  students  to  meet  the  demands  of  teaching 
successfully  in  the  public  school.  The  simulations  will 
also  need  to  provide  adequate  opportunities  for  students  to 
gain  firsthand  experience  in  planning,  teaching,  manag- 
ing, and  observing  in  the  LAN  environment.  Most 
importantly,  the  simulations  will  need  to  provide  numer- 
ous opportunities  at  various  junctures,  and  afterward, 
provide  fcM*  critical  assessment  and  discussion  of  the 
interactions  and  events  that  have  taken  place. 

General  Strategies  for  Incorporating  SirrHJIatioris 
into  the  Teacher  Education  Curriculum 

There  are  several  strategies  for  the  structure  and 
introduction  of  the  microteaching  simulation  (or  core 
activity)  so  that  it  dovetails  with  the  wider  learning 
sequence  of  the  course.  Taylor  and  Walford  suggest,  for 
example,  that  simulations  can  be  used  as  an  initial 
stimulus,  as  a  centerpiece  of  a  unit  of  work,  or  as  a 
reinforcing  experience  (using  it  twice)  to  improve 
performance.  The  time  frame  and  how  the  simulation  is 
used,  of  course,  will  depend  upon  the  teacher-educators' 
styles  and  the  specific  goals  and  objectives  they  have  set 
for  their  courses.  Regardless  of  the  application,  the  key  to 
the  successful  use  of  simulations  in  the  LAN  enviroiunent 
is  their  flexibility. 

A  Prototype  Simulation 

While  it  is  not  possible  to  present  an  all-encompassing 
simulation  in  this  p^r,  it  is  possible  to  provide  an 
overview  of  one  way  to  approach  an  LAN  microteaching 
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Figure  1 .  Sample  LAN  Microteaching  Simulation  on  Glftedness. 


1«    Preparatory  work: 

a.  Teaching  about  giftedness. 

2.  Briefing: 

b.  Providing  the  introduction  and  background  of  the  "gifted''  simulation. 

c.  Introducing  the  simulation  as  an  instructional  mode  (if  not  done  in  previous  simulation). 

d.  Handling  the  preliminaries:  Casting  roles  (student  and/or  reading  specialist,  writing 
instructor,  remediator,  computer/media  specialist,  psychologist,  counselor,  researcher, 
leader,  facilitator,  observer  [department  chair,  fellow  teacher,  principal])  and  discussing 
the  objectives  of  each  of  the  participants  in  relation  to  the  gifted  theme. 

3.  More  preparatory  work: 

e.  Overseeing  an  LAN  dialogue  session  as  a  facilitative  interventionist.  A  focused 
problem-centered  role  activity  (or  professional  meeting  of  experts).  Scenaiio:  Teacher 
meets  with  experts  to  seek  advice  and  discuss  the  special  needs  of  gifted  students.  The 
transcript  produced  is  used  by  the  teacher  as  a  resource  for  developing  the  teaching 
plans. 

4.  Microteaching  Simulation: 

f.  Teaching  the  lesson:  The  designated  teacher  is  in  complete  charge  during  the 
LAN-based  simulation.  Other  participants  assume  the  roles  of  students,  observers,  and 
experts  who  can  offer  helpful  and  unique  perspectives  on  the  teaching  experience.  It 
should  also  be  noted  that  the  teacher  educator  assumes  the  role  of  a  detached  observer/ 
assessor  during  this  period. 

5.  Debriefing: 

g.  Helping  participants  (in  functional  roles)  to  review  systematically  the  events  and  out- 
comes of  the  simulation:  initial  perceptions  of  the  lesson  (objectives,  materials,  and 
instructional  strategies);  the  focus  and  progress  of  the  lesson  (procedures,  behavior,  and 
management);  the  results  of  the  lesson  (learning  outcomes  and  achievements). 

6.  Follow-up: 

h.  Allowing  time  for  discussion  and  feedback  on  the  simulation  itself:  general  reactions, 
ideas  for  improvement,  suggestions  for  further  use,  possibilities  for  further  work,etc. 
Video  recordings  can  also  be  used  for  further  classroom  analysis  or  for  individual 
conferences. 
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simulation.  If,  for  example,  the  simulation  was  to  be  used 
as  a  centerpiece  of  a  lesson  or  unit  of  work,  and  the  lesson 
(or  series  of  lessons)  was  to  focus  on  giftedness,  then  the 
fictional  world  and  its  inhabitants  would  deal  with  the 
planning  issues  and  teaching  problems  as  they  relate  to 
this  central  theme.  Such  a  simulation  would  follow  the 
basic  sequence  of  preparatory  work,  briefing,  simulation, 
debriefing,  and  follow-up,  and  might  look  like  the  general 
model  presented  in  Figure  1. 

Implementation 

For  successful  implementation  of  any  LAN  simula- 
tion, the  teacher  educator  will  need  to  lay  sufficient 
groundwork  and  adequately  prepare  to  use  it.  Despite 
thorough  planning,  however,  it  will  be  the  combination  of 
the  human  and  technical  resources  available,  the  quality 
of  the  simulation,  and  the  skills  of  the  teacher  educator 
that  ultimately  determine  the  success  of  the  simulation 
and  the  learning  that  takes  place. 

Conclusion 

LAN's  create  a  **micro  world,"  and  simulations  allow 
extensive  exploration  of  all  the  various  roles  teachers 
fulfill  within  that  technological  world.  Taken  together, 
LAN's  and  simulations  offer  a  holistic  teaching  experi- 
ence in  which  students  can  encounter  both  successes  and 
failures;  engage  in  interactive  teaching  and  learning;  take 
on  a  variety  of  roles  and  responsibilities  and  can  be 
independent  decision-makers;  acquire  planning,  teaching, 
management,  and  assessment  skills;  and  where,  for  the 
period  of  the  simulation,  they  can  be  cotnpletely  human 
professiotials. 
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What  Is  frj0  ICONS  Project? 

I^.iie  International  Communications  and  Negotiations 
Project  (ICONS)  provides  teachers  in  this  country 
and  abroad  with  a  way  of  introducing  their 
students  simultaneously  to  computer  networking  and  to 
collaborative  construction  of  substantive  knowledge 
within  a  group  of  peers.  This  project  contrasts  with  many 
current  efforts  in  three  ways:  first,  it  uses  real  content 
from  social  studies  and  international  relations  (not 
computer  games  and  not  science  topics);  second,  it 
utilizes  interchange  between  students  in  a  small  group  of 
at  least  five  (not  individuals  or  pairs);  third, 
peer-leadership  is  critical  in  the  groups  (not  teacher 
leadership  alone).  The  project  is  also  unique  in  that 
research  and  evaluation  have  been  integral  to  its  develop- 
ment. 

The  ICONS  Project  is  based  at  the  Department  of 
Government  and  Politics  at  the  University  of  Maryland  in 
College  Park  and  uses  a  software  program  developed  by 
Jonathan  Wilkenfeld.  This  sophisticated  computer 
networking  program  allows  for  both  electronic  mail 
communication  and  on-line  or  real-time  conferencing. 
The  software  is  the  central  element  of  an  educational 
program  which  focuses  on  the  discussion  of  international 
issues  by  secondary  school  and  university  students. 

During  ICONS  participation,  teams  of  5-12  students 
role-play  diplomats  from  another  country  and  negotiate 
about  international  issues  through  the  use  of  a  computer 
networking  system.  All  communication  withinthe  team 
about  the  positions  to  be  taken  and  messages  to  be  sent 
takes  place  face-to-face.  All  communication  between 
country  teams  takes  place  using  the  network  provided  by 
the  computer  system,  either  tlirough  electronic  mail  or 
during  scheduled  on-line  conferences  in  which  students 
can  communicate  simultaneously  with  teams  representing 
other  countries.  Sometimes  these  teams  are  in  adjacent 
rooms;  sometimes  they  are  across  the  country  or  even 
across  the  world. 

In  addition  to  the  structure  provided  by  the 
conferencing  software,  there  are  materials  included  as 
introduction  (e.g.,  a  scenario  set  in  the  near  future  which 
lays  out  the  world  situation  with  respect  to  issues  such  as 
human  rights,  the  environment,  and  international  trade) 
and  activities  in  which  participanis  engage  before 
beginning  electronic  conferencing  (e.g.,  writing  a  position 
paper  about  the  issues  of  the  scenario  relating  to  the 
country  they  represent).  There  is  a  team  leader  (usually  a 
college  student  or  a  teacher)  whose  role  will  be  described 
more  fully  in  the  last  section  of  the  paper.  During  the 
on-line  conferences  a  Simulation  Coordinator  and  a  team 
of  graduate  students  representing  the  United  States  also 
provides  structure  to  the  experience.  The  Coordinator 
helps  the  students  develop  the  agendas  for  the  on-line 
conferences,  makes  suggestions  when  the  messages  stray 
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too  far  from  that  agenda,  and  calls  a  vote  on  issues  when 
appropriate.  The  program,  originally  developed  for 
advanced  university  students,  continues  to  serve  students 
at  that  level  both  here  and  abroad.  A  version  of  this 
university-ievel  simulation  will  be  used  as  a  general 
studies  interdisciplinary  social  sciences  course  for 
freshmen  and  sophomores  at  the  University  of  Maryland 
in  the  fall  of  1993.  The  part  of  the  project  being  described 
here,  however,  has  been  adapted  for  use  with  13-17  year 
olds.  It  has  been  implemented  for  seven  summers  as  the 
central  activity  of  the  Maryland  Summer  Center  for 
International  Studies  and  as  part  of  the  Pennsylvania 
Governor's  School  for  International  Studies.  For  five 
years  there  has  also  been  an  active  program  during  the 
school  year  (September  through  May)  ii\  which  secondary 
schools  across  the  United  States  and  in  Canada  participate 
for  about  3-4  weeks  of  conferencing  time.  This  activity  is 
usually  embedded  in  a  semester-long  course  in  history  or 
social  studies.  Schools  in  Japan  and  Argentina  have  also 
participated. 

How  Do^  the  ICONS  Project  Exemplify  Current 
Ideos  About  Lecming? 

The  project  began  seven  years  ago  without  much  of  a 
theoretical  base  but  with  many  ideas  about  how  to 
stimulate  thinking  in  adolescents  about  world  issues. 
During  that  seven  year  period,  the  theory 
regardingeffective  learning  and  cognitive  processing  has 
caught  up  to  the  pedagogy  that  this  project  has  been 
practicing.  It  is  now  commonly  accepted  that  the  most 
effective  educational  settings  are  those  in  which  young 
people  are  stimulated  to  extract  meaning  from  situations 
and  construct  knowledge  for  themselves.  That  process  has 
been  found  to  result  from  active  cognitive  processing  or 
from  thinking  about  new  material  and  is  often  stimulated 
by  prompts,  questions,  or  structures  provided  to  help 
students  relate  new  material  to  what  they  already  know. 
Discussion  with  peers  and  with  adults  is  a  very  important 
part  of  this  type  of  learning. 

What  Is  fho  Function  of  the  Teom  Group  of  Peers 
in  ICONS? 

Although  structure  for  the  program  is  provided  by 
adult  leadership  and  the  computer  network,  the  real 
cognitive  work  of  the  program  takes  place  within  the 
teams  as  students  discuss  and  debate  their  positions. 

The  type  of  interchange  that  takes  place  fits  into  the 
category  of  socially  shared  cognition  (Resnick,  Levine,  & 
Teasley,  1991).  ICONS  participants  are  immersed  in 
co-constructing  knowledge  in  the  form  of  messages.  The 
discussion  within  the  teams  consists  of  one  individual 
beginning  a  sentence  which  another  student  completes. 
During  this  process,  suggestions  for  messages  and 
changes  in  messages  flow  fast  and  furiously  among  the 


participants.  The  discourse  within  the  teams  is  often 
mutually  shared,  in  that  individuals  interrupt  each  other 
constantly.  When  the  message  is  actually  sent,  it  is 
usually  difficult  to  determine  who  has  authored  it. 

The  group  created  through  this  interchange  also 
closely  resembles  what  Lampert  (1990)  calls  a  discourse 
community.  Lampert  described  exemplary  elementary 
mathematics  classrooms  as  places  where  students  became 
participants  in  a  discourse  community  of  mathematicians 
sharing  assimiptions,  explanations,  and  constraints  on 
solutions.  The  analysis  of  extensive  narrative  observations 
suggests  that  the  ICONS  project  creates  a  temporary  but 
authentic  discourse  community  of  international  diplomacy 
where  participants  are  inunerscd  in  socially  shared 
cognition  and  co*construction  of  knowledge. 

At  first,  leadership  is  provided  by  the  teacher  who 
provides  scaffolding  by  asking  questions  of  the  adolescent 
participants;  later  there  is  a  shift  to  peer  leadership  which 
moves  among  equal  participants  and  includes  substance 
(how  to  word  a  message),  social  guidance  (helping  the 
team  feel  good  about  its  progress),  and  metacognitive 
monitoring  (what  the  team  needs  to  consider  next).  This 
discourse  community  hasas  its  educational  aim  the 
promotion  of  individual  change  in  cognitive  stinctui^s  ui 
the  domain  of  political  thinking  about  international  issues. 

The  particular  character  of  these  discourse  conmiuni- 
ties  can  be  illustrated  by  an  excerpt  from  narrative 
observations  conducted  in  1990  of  the  construction 
messages  and  their  exchange  over  the  computer  network 
during  an  hour-long  on-line  conference.  These  observa- 
tions document  the  participation  structure  of  these  groups 
and  the  way  in  which  the  processes  of  thinking,  revising, 
explaining,  and  mutual  construction  took  place  in  this 
discourse  community.  These  narrative  observations 
illustrate  collaborative  construction  and  socially  shared 
public  cognition  within  the  teams. 

The  following  interchange  lock  place  among  partici- 
pants on  the  French  team  during  a  1990  on-line  confer- 
ence which  focused  on  the  problems  of  debt  in  Southern 
hemisphere  nations  and  the  economic  difficulties  faced  by 
the  Soviet  Union. 

A:         Do  we  have  to  pass  this  through  and  get  the 
opinion  of  the  South? 

B:         We  wrote  that  we  would  in  our  position  paper. 

C:         How  much  does  USSR  want? 

B:  100  billion,  that's  about  right.  We  have  to  make 

sure  the  others  know.  But  I  think  mstead  of  a 
percent  we  should  say  how  much.  We  have  to 
make  the  G7  countries  pay  more,  correct? 

D:         I  thought  future  exports  were  to  reduce  the  debt. 

B:         Like  a  proportion  of  them,  they  were. 

Leaden   What  about  collateralization? 
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D:  I  thought  that  was  one  of  our  options.  Is  this 
money  going  to  the  IMF  (International  Mon- 
etary Fund)? 

Leader.    What  is  Japan's  position?  And  why  are  you 

changing  your  mind  about  percentages? 
B:  It  should  still  work. 

Note  the  several  places  in  which  the  students  serve  as 
resources  to  each  other  in  articulating  and  examinmg 
assumptions  about  messages  they  have  received  and  those 
they  are  planning  to  send-the  assumption  that  a  country 
can't  make  unilateral  policies  without  "passing  it 
through"  other  countries,  that  to  make  up  the  required 
amount  **G7  countries  must  pay  more,"  and  that  loans  or 
grants  are  meant  to  be  repaid  with  "future  exports."  A 
student  refers  to  the  position  paper  as  providing  scaffold- 
ing for  negotiation.  The  leader  uses  questions  to  focus 
attention  on  options  not  yet  discussed 
("collateralization"),  on  considering  the  position  of  other 
countries  ("Japan"),  and  on  thejustifications  for  what  she 
perceives  as  "changing  your  mind."  One  of  the  students 
also  gives  metacognitive  direction  to  the  team's  process, 
suggesting  that  team  members  "make  sure  the  others 
know"  what  has  been  decided,  while  another  student 
comments  on  how  a  policy  may  have  changed  but  still 
relates  to  overall  goals  ("it  should  still  work"). 

There  is  considerable  evidence  from  these  and  other 
observations  that  participants  m  ICONS  acquire  practice 
in  higher-order-thinking  about  social  issues,  in  defending 
their  positions,  and  in  clearly  stating  their  ideas  as  they 
debate  how  to  phrase  messages  to  be  sent  to  other  teams. 
This  has  been  found  in  observations  in  every  sunmier 
program  and  in  programs  completed  during  the  school 
year  at  participating  high  schools.  These  dialogues  are 
very  similar  to  the  kind  of  classroom  discussion  which 
has  been  found  by  many  educational  psychologists  to 
contribute  to  students'  ability  to  identify  and  solve 
problems  by  understanding  the  underlying  principles  of  a 
field  rather  than  by  applying  methods  learned  by  rote. 

What  Are  the  Outcomes  for  Individuals? 

In  1985  I  began  the  evaluation  and  research  on 
ICONS  usmg  the  kinds  of  assessment  common 
then-multiple  choice  tests  (which  showed  increases)  and 
attitude  scales  (which  showed  differences,  especially  m 
attitudes  toward  developing  countries).  But  it  became 
clear  from  observmg  the  teams  that  the  process  was  one 
of  constructing  meaningful  knowled^^e,  not  memorizmg 
rote  facts,  and  so  the  assessment  methods  changed.  Now 
we  use  think  aloud  problem  solving  and 
performance-assessment  techniques  which  come  from 
cognitive  psychology.  To  give  one  example,  students  are 
asked  to  think-aloud  while  they  solve  hypothetical 
problems  (e.g.,  problems  concerning  a  finance  minister  m 
a  developmg  country  who  cannot  pay  the  interest  on  his 


debt  or  a  diplomat  who  observes  that  a  neighboring 
country  is  about  to  institute  apartheid  laws  and  wishes  to 
intervene).  Analysis  of  protocols  from  these  think-aloud 
problem-solving  tasks  suggests  that  the  students'  exper- 
tise in  political  thinking  ranges  from  pre-novice  to  novice 
to  post-novice  to  pre-expert  to  expert.  Interviews  con- 
ducted before  and  after  ICONS  participation  show 
individuals  moving  toward  expertise,  (see  Tomey-Pmta, 
1992). 

Are  the  Benefits  of  Participation  Linnited  to 
Certain  Types  of  Students? 

There  was  some  concern  that  only  gifted  students 
could  benefit  from  a  project  such  as  this,  that  other 
students  would  either  tune  out  because  too  ^ucu 
wasexpected  of  them  or  that  they  would  just  "fool 
around"  with  the  computers.  Although  we  began  in  the 
summer  program  with  gifted  and  talented  students,  we 
have  found  that  ICONS  participants  who  are  not  desig- 
nated as  gifted  and  who  participate  in  an  assigned  class, 
rather  than  choosing  to  participate  in  the  summer,  appear 
to  gain  from  the  experience.  In  fact,  the  large  majority  of 
participants  m  ICONS  are  very  attentive  and  demonstrate 
high  levels  of  motivation.  They  are  often  "glued  to  the 
screens"  awaiting  responses  to  their  initiatives  from  their 
peers  on  other  teams. 

During  on-line  conferences,  the  summer  students  rated 
themselves  as  being  involved  in  some  kind  of  task-related 
behavior  such  as  discussmg  messages  or  reading  what  is 
sent  from  other  teams  approximately  80%  of  the  time. 
These  findings  were  generally  corroborated  by  raters  who 
viewed  the  video-taped  sessions.  On  a  7-pclnt  scale  on 
which  participants  rated  involvement  during  conferences 
(1  indicated  "bored"  and  7  indicated  "interested"),  the 
mean  rating  was  5.61;  no  student  chose  a  1. 

Recently  a  teacher  in  the  semester  program  described 
the  following: 

I  could  see  the  boredom  begm  to  show  (before  the 
conferencing  phase  began).  As  the  first  conference 
began  I  watched  the  expressions  on  their  faces.  They 
were  totally  engrossed  and  involved.  They  left  with  an 
enthusiasm  that  I  can't  begin  to  describe. 
Some  teachers  also  expressed  concern  that  boys  might 
participate  more  and  thus  would  gain  more  from  ICONS 
than  would  girls.  There  appears  to  be  some  variation  by 
year  and  by  group  in  gender  differences.  Analysis  of 
video-tapes  from  one  year  showed  that  although  boys 
took  the  lead  at  first  in  some  groups,  by  the  end  of  the 
sessions,  girls  were  as  assertive  as  boys.  Analysis  of 
another  year's  tapes  and  self-report  questionnaires 
showed  that  female  students  appeared  especially  skilled  at 
makmg  sure  the  group  madu  progress  toward  its  goals  by 
commenting  on  or  monitoring  how  the  group  was 
working  together,  or  by  making  sure  all  points  of  view 
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were  heard.  Particularly  in  the  past  two  years,  female 
participants  have  indicated  that  they  are  in  every  way  as 
well  qualified  as  males  for  careers  in  international 
relations  and  international  business.  In  summary,  the 
gender  differences  are  subtle  and  relate  to  the  style  rather 
than  amount  of  participation.  Also  gender  did  not  seem  to 
relate  to  any  cognitive  changes  that  occurred  in  the 
students. 

Whot  Has  Bo«n  L^arnMl  About  Technology  and 
Motivation? 

Several  characteristic^  of  this  program  seem 
especiallyimportant  in  promoting  change  in  cognitive 
structures  and  in  producing  the  high  levels  of  student 
involvement  that  were  observed. 

First,  the  computer  screen  is  an  object  of  highly 
focused  student  attention  because  it  is  constantly  chang- 
ing and  providing  valued  information  in  a  way  the 
blackboard  or  textbook  does  not.  This  characteristic 
spears  to  enhance  student  information  processing.  For 
example,  one  student  enters  a  proposed  message  which 
then  becomes  visible  to  all  team  members.  The  process  of 
co-constniction  and  group  revision  of  the  message  on  the 
screen  provides  a  potent  stimulus  for  elaborating  indi- 
viduals' representations  and  for  faciliiating  students' 
discovery  that  wbat  seems  obvious  to  one  about  a 
situation  or  solution  may  not  be  obvious  to  another.  Often 
participants  suddenly  recognize  complications  even  in  a 
simple  proposal. 

Second,  participants  are  referencing  to  the  opinions  of 
their  peers.  Like  situations  involving  collaborative 
problem  solving,  participants  are  pressed  to  arrive  at  an 
agreed-upon  solution  (message).  Unlike  much  collabora- 
tive problem  solving,  there  is  no  way  of  designating 
correct  solutions;  this  seems  to  lead  studeiAts  to  search  for 
their  own  judgment  criteria  to  satisfy  themselves  and  their 
peers.  Often  teams  express  concern  that  a  message  they 
had  sent  allowed  teams  from  other  countries  to  take 
advantage  of  them.  These  perceived  "errors"  are  used  as 
tne  source  for  after-conference  discussions  in  which  the 
leaders  help  to  identify  possible  repair  processes  for  the 
next  conference. 

Third,  the  existence  of  the  messages  in  a  printed  form, 
as  well  as  repeated  pressure  to  state  their  opinion  as 
diplomats  representing  a  country,  promotes  ownership  of 
ideas  among  team  members.  They  realize  the  importance 
of  saying  clearly  what  they  mean.  This  contrasts  with 
programs  like  the  Modt^  UN  where  between-team 
communication  takes  place  orally  and  there  is  often  one 
person  making  statements  for  the  country.  In  the  ICONS 
project,  the  team  can  never  argue,  "we  really  didn't  say 
that."  The  print-out  also  allows  participants  to  refer  back 
to  a  previous  message,  making  cognitive  connections 
between  past,  present  and  future  positions. 


Fourth,  continually  stating  positions  as  '"Nigeria 
believes*'  or  Trance  concludes"  increases  identification 
with  another  perspective.  On  the  last  day,  a  participant 
said  sadly,  "it's  really  too  bad;  next  week  there  won't  be 
any  messages  for  us  as  Nigerian  diplomats.  WeMl  have  to 
go  back  to  just  being  students."  In  one  survey  90%  of  the 
participants  reported  high  or  moderate  levels  of  identifica- 
tion wita  the  country  they  represented. 

Fifth,  because  the  conferences  take  place  in  real  time 
(not  through  delayed  electronic  mail),  there  is  a  senseof 
urgency  to  make  points  in  a  message  clearly  and  quickly. 
If  a  team  gets  stuck  revising  a  message,  there  will  be  20 
new  messages  once  they  return  to  the  receiving  mode. 

Sixth,  the  team  can  designate  that  a  given  message  be 
sent  to  all  other  teams  of  participating  countries  or  only  to 
selected  countries— for  example,  allies  or  countries  from 
whom  one  is  trying  to  get  concessions.  This  feature 
promotes  an  awareness  in  students  of  the  difference  in 
representations  of  world  problems,  especially  between 
developed  and  developing  nations. 

How  Are  Teachers  Prepared  To  Create  Discourse 
Communities  of  Students? 

It  is  most  important  that  the  teacher  makes  an  effort  to 
involve  students  actively  in  processing  the  material  that 
comes  to  them  over  the  network.  This  means  questioning 
them  about  their  positions,  demonstrating  high  expecta- 
tions for  them,  encouraging  attention  to  the  screen  and  to 
the  progress  of  the  agenda  during  conferences,  pointing 
out  when  unclear  messages  have  created  difficulties,  and 
debriefing  the  team  about  its  goals  and  how  they  have 
been  achieved  after  each  conference  concludes.  Providing 
training  in  leadership  in  this  program  for  teachers  is 
particularly  important  in  schools  where  students  lack 
background  knowledge  in  geography  and  international 
relations,  and  where  they  seldom  read  the  newspaper.  The 
r ost  effective  teachers  are  the  ones  who  are  constantly 
helping  students  to  think  about  what  they  are 
doing-questioning  them,  asking  whether  they  have 
thought  about  alternatives,  asking  them  to  examine 
assumptions. 

The  logistics  of  preparing  teachers  as  leaders  for 
teams  remains  a  challenge  for  the  project.  A  careful 
program  of  leader  training  has  been  developed  for  the 
summer  when  all  teams  are  in  the  same  location.  The 
project  is  currendy  working  on  ways  for  using  the 
network  to  deliver  training  materials  and  suggestions  both 
for  the  period  before  the  on-line  communication  begins 
and  for  the  conferencing  period  itself.  These  materials 
will  supplement  the  meetings  which  can  sometime?  be 
arranged  for  teachers  at  some  distance  from  project 
coordination. 
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How  Con  Teochofs  Assess  Students'  Learning  in 
Projecfs  like  These? 

Teacbers  should  be  aware  that  the  learning  outcomes 
achieved  by  students  participating  in  projects  like  ICONS 
include  an  awareness  of  more  imaginative  ways  of 
dealing  with  international  issues  like  the  environment  or 
economic  development  and  an  appreciation  of  the 
complexity  in  what  might  be  called  the  '"mental  map'*  of 
proWems  in  the  world.  Students  do  expand 
tlieirvocabularies  with  terms  such  as  loan  guarantees, 
deforestation,  and  COj.  But  far  better  than  a  vocabulary 
test  for  assessing  student  learning  is  for  teachers  to  ask 
their  students  to  write  about  ways  to  deal  with  interna- 
tional problems,  about  thiags  that  stand  in  the  way  of 
countries  reaching  agreement,  about  connections  they  see 
between  economics  and  politics  or  diplomacy.  Some  of 
the  newer  api^-oaches  to  assessment  such  as  portfolios, 
performances  or  projects  and  concept  maps  are  also 
excellent  tools  for  assessing  thinking  in  the  social  studies 
in  a  project  such  as  this.  One  of  our  very  creative  teacbers 
asked  ICONS  participants  at  the  end  of  the  semester  to 
write  a  paper  giving  advice  to  students  who  would 
participate  during  the  following  semester-what  should 
they  avoid  in  their  negotiations,  what  sources  should  they 
consult.  These  papers  proved  to  be  a  very  interesting 
assessment  method. 
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Communication, 
simulation,  and  chaos 

Dora  Perry-Wilson 


Introduction 

Ihe  fact  that  patterns,  codes  and  structures  fonn  a 
basis  for  ccHninunication  is  not  new.  Even  the  idea 
that  the  same  notation  can  be  used  for  a  sonnet,  a 
masterpiece  or  graffiti  is  not  new.  Nor  is  the  fact  that 
microbes  have  controlled  our  destiny,  yet  all  of  these  have 
ccHnmunication  linkages  for  systems  design.  The  ccon- 
plexity  of  molecular  interactions  and  the  sophistication  of 
their  evolutionary  experiments  present  us  with  an  awe- 
some and  wondrous  assemblage.  This  vast,  and  as  yet 
largely  unknown,  biological  entity  is  millions  of  times 
more  ancient  and  perhaps  more  advanced  than  we. 
A  living  system  appears  very  complex  from  the 
thennodynamic  point  of  view.  Certain  reactions  are 
close  to  equilibrium,  and  others  are  not.  Not  every- 
thing in  a  living  system  is  "alive."  The  energy  flow 
that  crosses  it  somewhat  resembles  the  flow  of  a  river 
that  generally  moves  smoothly  but  that  from  time  to 
time  tables  down  a  waterfall,  which  liberates  part  of 
the  energy  it  contains.  (Prigogine  &  Stengers,  1984, 
pp.  155-156) 

This  linkage,  which  indicates  order  emerging  from  the 
chaos,  has  interdisciplinary  ai^lications  wherein  even 
artificial  intelligence  is  compai  ed  and  contrasted  with 
molecular  biology.  With  the  advent  of  electronic  imagery, 
mark-making  skills  have  developed  into  an  impressive 
range.  From  crayon  marks  placed  on  whitehallway  walls 
or  hands  shoved  into  a  lump  of  clay  to  messages  transmit- 
ted by  nucleotides  within  DNA  or  digital  imaging  and 
pseudo-color  applications — all  these  are  merely  marks, 
equally  significant  and  powerful.  Astronomers  at  Los 
Alamos  National  Laboratory  have  used  a  computer  to 
explain  visually  the  behavior  of  Hercules  x-1,  a  special 
binary  star  system.  They  produced  a  simulation  of  the 
tilted  gas  disk  not  to  research  their  theory,  but  to  commu- 
nicate it  visually. 


Symbolic  Longuags 

Visualizing  is  the  artist's  means  of  thinking  aloud  to 
search  out  the  image  to  best  communicate  an  idea.  Like 
an  airbrush  or  a  pen,  electronic  imagery  is  merely  using  a 
device,  with  its  own  strengths  and  weaknesses.  However, 
this  new  metamedium  has  degrees  of  freedom  for  repre- 
sentation and  expression  never  before  encountered  and  as 
yet,  barely  investigated. 

According  to  Harold  Cohen,  a  1960*s  established 
contemporary  artist,  art  compels  us  to  interpret  marks.  If 
the  artwork  represents  elements  with  which  we  are 
familiar,  i.e.,  trees,  flowers,  mountains,  etc.,  we  identify 
them  as  such.  More  important,  Cohen  believes,  are  the 
basic  image-making  and  image-reading  programs  that  link 
the  artist  and  the  viewer  in  the  transaction  we  call  art 
(Johnson,  1986).  The  result?  In  1974.  Cohen  began  a 
program  for  a  Digital  VAX.  computer  which,  over  several 
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years,  grew  into  a  short  novel  entitled,  Aaron, 

In  1983,  Aaron,  now  known  as  the  artificially  intelli- 
gent artist,  had  a  show  of  works  exhibited  at  the  Tate 
Gallery.  Responding  to  the  continual  randomized  or 
preprogrammed  question,  Cohen  says: 

Why  just  two  mutually  exclusive  options?  We  know 
perfectly  well  that,  for  human  beings,  there  i-;  a  space 
between  totally  det^ministic  behavior  and  totally 

chaotic  behavior.  It  is  the  space  of  intelligence  

The  laws  of  logic  are  what  they  are,  and  it  doesn*t 
matter  who — or  what— aR)lied  them.  (Hughes,  1984, 
pp.  597-598), 

Harold  Cohen,  artist  and  programmer,  views  art  as  a 
universal  celebration  of  the  human  mind.  Allan  Kay  has 
focused  it  in  the  following:  "Some  people  worry  that 
artificial  intelligence  will  make  us  feel  inferior,  but  then 
anybody  in  his  right  mind  should  have  an  inferiority 
complex  every  lime  he  looks  at  a  flower"  (Caddes,  1986, 
p.  76).  This  complex  interweaving  can  manifest  itself  in 
the  key  criteria  for  artificialintelligence:  Fear  or  use  wiU 
designate  it  as  wings  or  chains. 

Our  video  is  a  visual  attempt  to  give  it  wings.  The 
cocoon  threads  are  interwoven  by  a  desire  to  communi- 
cate, and  the  emerged  butterfly  has  wings  to  soar  above 
the  limitations  of  a  specific  discipline.  There  is  a  meta- 
phor within  this  visual  exploration:  The  butterfly  symbol- 
izes the  spirituality  needed  to  transcend  our  egos  and 
personalities  which  often  cause  us  to  want  to  intellectual- 
ize,  categorize  and  therefore  predict. 

Native  Americans  have  always  fused  art  and  science 
visually  into  their  healing  and  religious  ceremonies. 
Navajo  artist  Alvin  Marshall  says  of  his  sculpture  Journey 
into  the  Butterfly  World: 

Everything  is  here  for  a  reason  We  must  walk  in 

sacredness  with  the  Grp.at  Spirit;  he  gives  us  every- 
thing on  earth.  I'm  grateful  for  the  talent  he  has  given 
me  and  grateful  that  the  stone,  the  animal  and  I  can 
touch  your  heart  (Jacka  &  Jacka  1988,  p.  141) 

Stranga  Loops  For  Education 

"The  basic  mechanism  through  which  molecular 
biology  explains  the  transmission  and  exploitation  of 
genetic  infonnation  is  itself  a  feedback  loop,  a  'nonlinear* 
mechanism"  (Prigogine  &  Stengers,  1984,  p,  154).  A 
dissipative  stricture  introduces  one  of  the  simplest 
physical  mechanisms  for  communication.  The  structural 
environment  of  nonlinear,  self-organization  science  is 
used  to  design  Strange  Learning  Loops.  Visual  technol- 
ogy is  the  linking  catalyst  for  the  "jumping  out"  process. 

Strange  Learning  Loops  are  dissipative  structures — 
NOT  lesson  plans,  unit  plans  or  predictiible  behavior 
patterns.  They  evolve  thus,  yet  connect:  It  is  a  mixture  of 
chance  and  necessity  that  constitutes  a  system  of  bifurca- 
tions, which  may  be  unstable,  but  bcconie  stable.  The 


participants  unite  and  provide  the  needed  stability  as  they 
work  with  a  common  theme.  The  system  behaves  as  a 
whole,  as  if  it  were  a  unit  responding  to  long-range  forces 
or  a  **su^ge  attractor."  The  su^ge  attractor  in  the  loop 
promotes  interaction  among  participants  in  much  the 
same  way  as  it  does  among  molecules.  The  main  theme  is 
the  objective,  which  pulls  the  bifurcations  together  and 
structures  a  system  wherein  each  participant  is  always  in 
communication,  thus  informed  about  the  overall  state  of 
the  system.  A  loop  is  always  unique,  since  each  theme 
and  each  bifurcation  is  developed  in  response  to  a 
cbaUenge.  Aii  entire  loop  can  take  place  within  onemind 
or  within  a  group  of  participants. 

Douglas  Hofstadter's  Theory  of  Strange  Loops,  a 
Tangled  Hierarchy  of  Levels  (Hv  fstadter,  1979),  may  well 
parallel  the  artist's  quest  for  order  while  basking  in  the 
stimulation  of  chaos.  Strange  Loq)s  make  use  both  of  the 
subjective  and  of  the  objective,  especially  in  the  arts 
where  the  creative  process  thrives  on  chaos. 

Currently  there  is  a  switch  in  the  paradigm  for 
structuring  the  learning  process  at  all  levels  and  in 
different  environments.  The  old  one  was  mechanistic  and 
predictable:  a  cause  and  effect  approach.  The  emerging 
new  paradigm  may  be  called  **holistic,"  emphasizing 
global  concerns:  a  challenge  and  response  approach.  For 
children,  Strange  Learning  Loops  are  that  nonlinear 
curiosity  which  leads  from  one  topic  to  another,  yet 
connects  to  its  point  of  departure.  This  "Grasshopper 
Mentality"  will  be  even  more  comfortable  five  years  from 
now  when  we  have  solar-powered  computers.  Just  like 
nonlinear,  self-organization  cience  widj  resulting  chemi- 
cal clocks  of  molecular  communication,  all  students  share 
results  to  provide  the  needed  infrastnjcture  of  an  Open 
System  design.  Curriculum  organizes  itself  by  dissipating 
its  disorderly  entropy — unpredictable  changes  cr  bifurca- 
tions become  motivation  for  investigation.  Human  beings 
are  unpredictable,  yet  life  organizes  itself— thus  the  need 
for  interdisciplinary  curriculum  design.  Three  examples 
follow;  the  first  "strange  attractor,"  or  th  :me,  is  energy. 

In  Figure  1  the  ecosystems  loop  illustrates  the 
open-ended  design  of  such  far-reaching  elements  as 
"patterns"  and  "time." 
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